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The genotypic constitution of food plants utilized by man 
has been subjected to modification by man since the earliest 
days of domestication. Selection procedures evolved as expe­
rience was gained but until relatively recent times, were 
highly subjective techniques. For this reason crop varieties 
showed great variability across civilizations depending on 
man's local demand, aesthetics, and ability. Hence, early 
plant breeding was recognized as an art rather than a science. 
Selection procedures and breeding systems used, particu­
larly in self-pollinated plants, have changed little until _ 
recent times. Systems such as mass selection, bulk popula­
tions and pedigree selection are relatively old systems; yet 
they still form the basis of modern breeding systems In prog­
enies of self-pollinated crops. Major recent changes in plant 
breeding methods have been to investigate more critically the 
responses from these methods, the procedures used in their 
application and thf ' "onments in which selection might be 
most effective. Thes id other changes, such as the sub­
division of complex traits into their components for critical 
study, have resulted in more adequate and rigorous descriptions 
of response to selection techniques and in the development of 
a more objective approach to plant breeding. Consequently, 
plant breeding Is being advanced greatly and shows promise of 
major contributions to industry and to the understanding of 
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plant genetics and developmental processes. 
The selection index offers a relatively objective ap­
proach to line selection. By the use of different sources of 
population parameter estimates, indices of varying degrees of 
specificity with respect to the population being selected, may 
be constructed, Relative responses to selection from such in­
dices may be interpreted to indicate the degree of generality 
of population parameters across a species as a whole. 
Accumulation of information indicating the importance of 
genotype z environment interaction in plant quantitative char­
acters has stimulated Interest in homeostasis and its causes. 
Similarly, significant genotype x environment interactions 
necessitate the investigation of the effects of various envi­
ronments and populations on response to selection. 
For the purposes of this dissertation, "heterogeneous" 
lines are defined as the selfed progeny in later generations 
of plants sampled in the to F^ generations. Blends pro­
duced by mixture of several distinct genotypes also are in­
cluded in this group. Such lines in advanced generations may 
Include an array of distinct, relatively homozygous genotypes 
within the line. "Homogeneous" lines eure defined as selfed 
progenies of single plants sampled in the F^ or later genera­
tions, These lines include little genetic diversity within 
the line. 
The objectives of this study on hybrid soybean popula-
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tlons (Glycine max (L.) Merrill) were: (1) to evaluate effi­
ciency of general, average and specific selection Indices in 
comparison to component character selection for populations of 
genetically heterogeneous and genetically homogeneous lines; 
(2) to evaluate hozeostatic effects resulting from genetic 
heterogeneity within homozygous material; (3) to determine 
the effects of specific environments on line performance, 
relationship among traits, and response to selection; and 
(4) to investigate the reliability of estimates of predicted 
genetic advance from various selection procedures in specific 
environments. 
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REVIEW OF LITEHATURE 
In self-pollinated species, hybridization of lines and 
varieties has provided the main mechanism for generation of 
new varieties, such variation arising from recombination of 
more or less diverse genotypes. The objective of such hybrid­
ization is to combine into a new homozygous variety the desir­
able features, while eliminating undesirable characters, of 
each parent. Consequently, careful choice of parents is 
accepted as a critical phase in any pure line improvement pro­
gram. 
Early Generation Testing and Gene Action 
Basic information necessary for hybridization programs 
includes the evaluation of particular varieties as parents in 
combination, and careful selection of parents on their ability 
to produce desirable recombinations. Early generation progeny 
testing provides a mechanism for such evaluation and has been 
studied extensively (Elliott, 1958» Johnson, 1959). Some 
studies have provided evidence that early generation yield 
tests were valid predictions of later generation performance 
(Immer, 1941). However, the general opinion has been that, 
for complex traits, selection among early generation bulk 
populations was of little value in isolating high yielding 
progeny in later generations (Weiss et , 194? in soybeans; 
Prey, 1954 and Grafius et al., 1952 for small grains). 
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In soybeans, Weiss et al. (19^7) found F2 plants supplied 
adequate information on yield, maturity, and lodging. Bulk 
populations were of limited predictive value for lodging and 
height, while measurements of yield and maturity had little 
meaning as bulk population measurements. Similarly, Kalton 
(1948) reported that ?£ spaced plant and line yield tests 
were of little predictive value, while P2 spaced plant meas­
urements for plant height and maturity provided good estimates 
of progeny performance. Significant genotype x environment 
interactions were reported by Torrie (1958) for several plant 
characters in soybeans. When generations were tested simul­
taneously in one environment, differences due to generations 
were small and the value of unselected bulk populations for 
yield prediction of later generations was high. Leffel and 
Hanson (196I) reported that, when adequately tested across 
environments, bulk populations in the ?£ and generations 
were of value in predicting yield performance of P^-derived 
lines. However, the effects of genotype x environment inter­
action were small and non-significant for most traits in these 
data. 
Leffel and Hanson (I961) suggested that the low predic­
tive value of early generation yield tests may be due to: (1) 
genotype x environment interaction; (2) inadequate testing in 
time and space; (3) heterosis due to gene action not fixable 
in pure lines; (4) heterozygosity and heterogeneity within 
6 
progenies; and (5) interplant and interplot competition. The 
importance of genotype x environment interaction in progeny 
evaluation was suggested above and will be discussed later. 
Since soybeans are utilized largely as homozygous and homo­
geneous populations, the effects of heterozygosity, linkage, 
and heterogeneity in bulk population studies cause non-fixable 
and unwanted deviations. If the effects of dominance and epi-
stasis involving dominance are of substantial magnitude, early 
generation bulk soybean tests may be of limited value. 
Few studies have investigated gene action in soybean 
populations. Gates et al. (i960) reported linkage of compo­
nents related to additive variance to be important for yield, 
height, and flowering time, but insignificant for maturity, 
seed weight, oil content, and lodging. Linkage of components 
related to dominance variance was found for plant height. 
Leffel and Hanson (I96I) evaluated P2 and generations from 
a diallel cross in bulk and progeny tests at several locations. 
The parents showed high general combining ability for seed 
yield, maturity, and seed size, and strong specific combining 
ability for maturity and height. However, it may be argued 
that the genetic heterogeneity within these populations may 
have minimized specific combining effects in these data. 
Horner and Weber (195^) described genetic models fitted 
to maturity data from a soybean population having a hierar-
chial dichotomy from the F2 to Fy generation. Genetic models 
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involving additive, additive plus dominance, and additive plus 
dominance plus additive x additive effects were tested. The 
completely additive model explained 96 percent of the varia­
tion among sample covariance and variance components, and was 
not significantly improved upon by more complex models. Brim 
and Cockerham (I96I) compared two soybean populations of 
heterogeneous, bulk lines for the relative magnitude of types 
of gene action in nine agronomic and chemical characters. Six 
genetic models involving additive, dominance, and additive x 
additive effects were fitted to these data. Additive effects 
were of major importance, dominance effects negligible, and 
additive x additive effects were relatively minor in the 
determination of all traits in both crosses. 
Evaluation of line performance prior to the generation 
may be of doubtful value owing to dominance effects of hetero­
zygous loci, and to heterogeneity and interplant competition 
within the line. Hanson and Weber (196I) proposed an analysis 
of genetic material based on homozygous lines derived in vari­
ous venerations, for the evaluation of additive and additive 
X additive epistatic effects. For such advanced generation 
material, dominance variation was assumed to be trivial. Use 
of homozygous lines avoided bias due to heterogeneity within 
the line. Genetic drift during selfing was assumed to be neg­
ligible. Significant additive effects were found for maturity, 
height, seed weight, oil content, and lodging, while additive 
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z additive effects were significant for seed weight and oil 
content. 
The studies on gene action in soybean populations de­
scribed above were not in complete agreement. Gates et al. 
(1960) and Leffel and Hanson (I96I) suggested non-additive 
gene action to be of importance for plant height, while Brim 
and Cockerham (I96I) found dominance effects to be negligible 
in all characters they investigated. Further, Brim and Cock­
erham (1961) found additive effects exceeded additive z addi­
tive effects in all traits examined, while Hanson and Weber 
(1961) reported large additive epistatic effects for yield and 
oil content. These discrepancies may be related to the popu­
lations studied or to inadequacies of sampling. Further, the 
use of heterogeneous, bulk populations by Brim and Cockerham 
(1961) may have resulted in biased estimates since hetero­
geneity would tend to mask specific responses and hence accen­
tuate additive effects. Similarly, the failure of Hanson and 
Weber (I96I) to consider genotype x environment interaction 
directly may have caused considerable bias in estimation. 
The studies did coincide in attributing major importance 
to additive effects for most traits. If this holds for soy­
beans in general, true line value will remain relatively con­
stant across generations and early generation tests may be 
applied directly to selection. This presupposes the absence 
of genotype x environment interaction, and that the effects of 
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degree of heterogeneity within the line are negligible. The 
literature quoted above suggests that these assumptions are 
not valid. Therefore, the results of early generation tests 
using restricted testing and heterogeneous populations should 
be treated with caution. 
Character Interrelationships 
Associations among traits-Tsay be caused by correlations 
among genetic effects or environmental effects, or both. 
Phenotypic, genotypic, and environmental correlations may be 
defined in genetic data. The derivation of the genotypic cor­
relation may include all genotypic effects or be restricted 
to additive, dominance, or other forms of gene action. The 
direction and magnitude of these correlations may be used to 
identify the types of relationship among the traits, and to 
indicate whether such relationships are of genetic or envi­
ronmental origin. The main utility of correlations in breed­
ing programs involves the interpretation and exploitation of 
simultaneous changes occurring in traits during selection. 
Several studies have reported phenotypic correlations 
among traits in soybeans. Woodworth (1933) and Weatherspoon 
and Wentz (193^) reported contrasting estimates of correla­
tions with yield among groups of soybean varieties. The 
former suggested largely independent distributions of traits, 
while the latter authors found significant correlations of 
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yield with nodes per plant, pods per plant, and pods per node, 
Yoshino et (1955) found that correlation of agronomic 
traits with yield in P2 populations varied among crosses, 
Phenotypic and genotypic correlations reported by Weber 
and Moorthy (1952) suggested substantial association of yield 
with maturity, height, and seed weight. In general, genotypic 
correlations were larger than phenotypic correlations, John­
son et (1955b) discussed correlations among 24 characters 
measured across environments for two populations of F2-derived 
soybean lines, Phenotypic and genotypic correlations were 
generally similar in direction and magnitude. Estimates based 
on single plant measurements were inconsistent. Substantial 
positive correlations on a plot basis were found between yield 
and maturity, seed size, and period from flowering to maturity. 
The relative inconsistency of character associations in 
the various studies may be related to the conditions of test­
ing and the populatlons^lnvolved. Genotypic correlations 
based on single plant data were apparently of low precision 
and magnitude, most of the yield variation among spaced plants 
being environmental in origin. The use of bulk populations In 
early generation tests may result in a significant deviation 
from the true genotypic relationship among traits. In addi­
tion, significant genotype z environment Interaction may ren­
der estimates of correlation among traits in individual envi­
ronments virtually meaningless. In general, Johnson and 
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Bernard (1962) suggested that, owing to the tenuous nature of 
correlations with yield, few agronomic traits in soybeans were 
of general value in yield selection. 
Few estimates of correlations among other traits are 
available in soybeans (Johnson and Bernard, I962). Provided 
selection is directed towards high oil types of soybeans, the 
correlations among traits- appear to offer no major limitations 
to further yield advance. The reverse situation exists for 
selection of high protein, high yielding soybeans, since these 
traits are negatively associated. 
Genotype x Environment Interaction 
In recent years, numerous studies have indicated the im­
portance of genotype x environment interaction in the investi­
gation of quantitative genetics in plants. Thus, genotypes 
must be evaluated over a range of environments (locations 
and/or years) before reliable interpretations of data are pos­
sible. Âllard and Bradshaw (1964) considered genotype x 
environment interaction to mask the true genotypic value, and 
that its effects must be estimated to allow more efficient 
selection. The great complexity of types of interaction was 
recognized, and it was suggested that simplification may be 
possible by the investigation of less complex traits. Al­
though genotype x environment interaction acts primarily as a 
masking force under classical breeding systems, genetic 
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systems may be designed to exploit this source of variation. 
Such systems must employ some means of obtaining homeostasis 
under those factors of the environment which remain uncon­
trolled and unpredictable. 
Cannon (1932) defined a homeostatic organism as one which 
maintained certain aspects of physiology constant despite 
environmental forces tending to disturb that constancy, 
Lemer (195^) regarded homeostasis as the self regulatory 
mechanism by which an organism may stabilize itself under dif­
ferent environments. Such phenotypic stability was related to 
greater fitness of heterozygous loci. However, it is apparent 
that homeostatic influences based on heterozygosity may not 
operate in self-fertilizing species used essentially as pure 
line varieties. 
Such concepts of individual homeostasis may be general­
ized to include stability for populations of individuals. 
However, for such material, stability of phenotype as measured 
by the magnitude of genotype x environment interaction does 
not necessarily indicate genotypic constancy across environ­
ments. Stability may be obtained by the use of genetically 
heterogeneous populations, or by the development of internal 
buffering processes which condition tolerance to relatively 
wide ranges of environmental variation. Prey (1964) recog­
nized four major forces conferring homeostasis; genotypic 
homeostasis, including genetic, developmental, and polyploidy 
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effects; and population homeostasis due to genetic heterogene­
ity within the population. 
Pew data are available on the effects of genetic hetero­
geneity within lines on homeostasis in crop plants. Mumaw and 
Weber (1957) reported studies of soybean varietal blends that 
showed slight yield advantages for blends over pure line vari­
eties. However, no estimate of stability across environments 
was obtained. Estimates of genotype x environment interac­
tions in inbred and to Fj corn populations were reported 
by Howe and Andrew (1964). Effects of heterozygosity and 
heterogeneity were confounded in this study. However, the 
frequency of heterozygous loci would decrease by half, and the 
degree of heterogeneity would be increased from zero to a max­
imum, from the P^ to the ?£ generation. A marked decrease in 
the magnitude of genotype x environment interaction parallel­
ing these changes suggested that the homeostatic effects of 
heterogeneity in corn were substantial. 
Allard (1961) reported that improvement in lima bean 
yield stability across environments was easily obtained by the 
use of simple varietal blends. However, the attainment of 
stability and yield increases required a high degree of 
heterogeneity (complex blends) and, possibly, selection pres­
sure to optimize adaptation of that population, Allard and 
Parsons (i960) suggested that genotype x environment inter­
action for simply inherited traits may be conditioned largely 
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by the reaction of the background p-enotype to environmental 
modification. 
The importance of estimating genotype x environment in­
teraction in soybean studies was emphasized by Johnson et al. 
(1955®). Estimates of genotypic variance for seed yield were 
reduced by 7I percent following estimation and partitioning 
of environmental interactions. Similar data were reported by 
Kwon and Torrie (1964). 
Selection Procedures 
Breeding systems in soybeans, as for most self-pollinated 
crops, are largely based on the bulk, pedigree, and bulk-
pedigree methods of selection, ilany investigations have been 
made on early generation testing, with somewhat contradictory 
results. However, it was suggested previously that if gene 
action was largely additive in nature, and if genotype x envi­
ronment interaction is adequately estimated, early generation 
tests may be of some value in soybean improvement. 
Phenotypic selection has been practiced widely and suc­
cessfully for agronomic traits in soybeans (Johnson and Ber­
nard, 1962). Apparently, phenotypic yield selection was not 
highly successful (Hanson et al., 1962), but a visual selec­
tion procedure to discard low yielding lines may have merit 
in soybeans. Caldwell (I963) also reported low effectiveness 
of phenotypic score in yield discrimination. 
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The use of selection indices involving weighted component 
traits of more complex characters is not new to plant breed­
ing. Phenotypic score may be considered a form of selection 
index in which the weights applied to the various traits are 
subjective. Under several assumptions, a method of estimating 
the optimum relative weights necessary to maximize genetic 
gain from selection was presented by Smith (I936). He ex­
tended the concept of discriminant functions (Fisher, I936) 
to determine that function of the available traits which best 
discriminated among the lines for genetic value of the charac­
ter of interest. The information necessary for such index 
construction involved the relative economic values of the 
traits, and the variance-covariance matrix among such traits. 
Smith (1936) anticipated the development of general indices 
by suggesting the use of average population parameter esti­
mates for preliminary screening of plant material. 
Hazel (19^3) presented a similar procedure of selecting 
for net merit in animals, but used correlations and path 
coefficients instead of the variance-covariance matrix. Har­
ris (1961) showed theoretically that the methods of Hazel 
(19^3) ai^id Smith (1936) were mathematically equivalent, in 
that the simultaneous equations based on correlations were a 
coded form of those based on covariances among traits. It 
was shown that expected genetic advance was identical for any 
two indices which were coded forms of each other, Harris 
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(1961) suggested that, owing to the voluminous data required 
for precise index construction, the estimates of genetic ad­
vance in practice would be somewhat biased by errors of esti­
mation of the variance-covariance matrix. 
A general selection index was defined by Hanson and 
Johnson (1957) as one constructed using data pooled over two 
or more experiments, such experiments preferably being con­
ducted on different germplasm and in different environments. 
Procedures for pooling data of varying precision and for cal­
culating genetic advance for non-specific sets of phenotypic 
weights were discussed. 
Several studies have involved the use of selection in­
dices on soybean populations. Johnson et (1955^») used 
procedures outlined by Smith (1936) to evaluate genetic ad­
vance in yield from index selection. An index including seed 
weight and period from flowering to maturity was essentially 
as effective as yield selection itself. More complex indices 
resulted in slight increases in efficiency. Selection indices 
involving combinations of yield, oil, protein, lodging, seed 
weight, and period from flowering to maturity were constructed 
and tested on two populations of soybean lines (Brim et 
al., 1959)• Selection was practiced for yield of oil and 
protein in various price ratios. While increases in predicted 
genetic advance were obtained using multiple selection cri­
teria, the authors were pessimistic of the value of selection 
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indices owing to the difficulty of definition of an economic 
goal, and the potential magnitude of errors of estimation of 
the variance-covariance matrix. Cautious and discrete use of 
selection indices was suggested. Caldwell (I963) evaluated 
general, average, and specific indices in Fif, and soybean 
populations. General indices were found to approach specific 
indices in magnitude of predicted genetic advance. Specific 
indices were superior in predicted genetic advance, and equal 
in actual yield advance, to yield selection itself. 
Favorable responses were obtained from the use of spe­
cific selection Indices by Mnning (1956) in cotton, and by 
Bobinson ^  al. (1951) in com. Robinson et aX. (1951) ob­
tained predictions of genetic advance in yield that were 30 
percent larger than for yield selection alone. Following the 
development by Smith (1936), Manning (I956) constructed In­
dices based directly on the yield components of cotton. He 
assumed genotype, x environment effects to be sufficiently 
small that their estimation was unwarranted. Consequently, 
he constructed and used selection indices that were specific 
to each population and environment, the purpose being to 
capitalize on the specific effects of each environmental 
response. Predicted and actual yield advances from selection 
differed markedly in individual generations. However, yield 
advance averaged 6 percent per year for six years of selec-
18 
tlon, which approached the average predicted genetic advance 
per year over this period. 
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MATEHIALS AND METHODS 
This experiment was designed to evaluate efficiency of 
selection for indices of varying specificity with respect to 
the populations under study. This was done in terms of pre­
dicted and actual yield advance from selection in these popu­
lations. Environments were compared for efficiency of selec­
tion among genetically heterogeneous and genetically homo­
geneous lines. Effects of genetic heterogeneity within soy­
bean lines were investigated. 
Genetic Material and Test Procedure 
The experimental material used in this study was derived 
from crosses made at Ames, Iowa in 1957• The four crosses 
pertinent to this discussion involved well adapted soybean 
varieties as female parents and two phenotypically desirable, 
high protein, sister lines as male parents. The crosses were: 
Gross Parentage 
AX141 C1105 X A4-3159 
AX143 • Lindarin x A4-3159 
AX144 . •— Lindarin x A4-3202 
AX148 AX29-267-1-1-2 x A4-3202 
The parentage of these strains was; 
Clio5 - (Mukden x Eichland) z î-landarin (Ottawa) 
Lindarin - Mndarin (Ottawa) x (î-îandarin x Kanchu) 
AX29-267-I-I-2 - (mini X Dunfield) x (Mukden x Richland) 
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A^-3159 - (Mukden x liichland) x Capital 
A^-3202 - (Mukden x hichland) x Capital 
The P-]_ generation was erovm_as spaced slants at Ames, 
1958, and bulked by cross. In 1959» approximately 250 random 
plants were taken from each bulk population, and visually 
classified into three maturity groups. These groups were 
based on the maturities of three well adapted check varieties -
Blackhawk (early), Hawkeye (midseason), and Ford (late). Fj 
lines were grown in i960, 50 lines being taken at random from 
each maturity group of each cross. These lines formed a cross-
maturity group classification. 
These lines were advanced in generation using a bulk seed 
sample from each line in the previous generation. No arti­
ficial selection was applied in any generation. Seed for 
generation advancement was always obtained from the Agronomy 
F£.rm, Ames, Iowa. 
In 1961, the Fj^ generation was tested in two replications 
at the Agronomy Farm, Ames (environment 1) . The P5 generation 
was grown in two replications at each of two locations in 
1962 - Squaw Creek Bottom and the Agronomy Farm, Ames (envi­
ronments 2 and 3» respectively). Plot size was a single 10-
foot row with rows spaced 4o inches apart in environments 1, 
2, and 3. 
Two of the four crosses were discontinued after the F^ 
generation, only AX1^3 and AX144 being continued in the 
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and Py generations. The number of lines was reduced at random 
from 50 tc 32 per maturity group. The 32 P2-derived lines 
were advanced to the Fg generation as bulk rows, and will 
hereafter be designated "maternal lines". Two random single 
plants were sampled within each of the 32 maternal lines in 
the F5 generation, and formed lines in the generations. 
Hereafter, they will be designated as a pair of "daughter 
lines" from a particular maternal line. The maternal lines 
and their corresponding daughter lines remained within the 
original maturity group classification and were tested in the 
P5 and Py generations. Thus, each maturity group in these 
generations consisted of 32 F^-derived maternal lines which 
were relatively homozygous but genetically heterogeneous, and 
their 64 F^-derived daughter lines, which were relatively 
homozygous and genetically homogeneous. For experimental con­
venience and control, each maturity group was divided into two 
blocks, each containing I6 random maternal lines and 32 cor­
responding daughter lines. 
The P^ material was evaluated in two replications at the 
Agronomy Farm, Ames in I963. Sight-foot rows were used. In 
1964, a bulk seed sample of each P^ line was advanced to the 
Py, and tested in two replications at each of two locations -
Squaw Creek Bottom and the Agronomy Farm, Ames. Ten-foot rows 
were used in these experiments. These environments will be 
referred to as environments 4, 5» and 6, respectively. 
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In all years, a uniform stand of 8-10 plants per foot of 
row was obtained, and the plots were kept weed-free throughout 
the season. Planting- dates for the plots were Hay 12, 9» 16, 
l6, 9» and 19 for environments 1-6, respectively. 
The following attributes were evaluated on a plot basis 
in all environments: 
Seed yield - bushels per acre; air dried to uniform 
moisture 
Maturity - days after August 31; 95-100 percent of pods 
turned brown 
Lodging - scored at maturity; scale ranged from 1 (all 
plants erect) to 5 (most plants prostrate) 
Height - inches from ground level to terminal bud; 
measured at maturity 
Seed size - grams per 100 seeds; random sample of clean, 
whole seed 
Protein and oil content - determined on dry weight basis 
Phenotypic score - scored at maturity; scale ranged from 
1 (most desirable) to 5 (least desirable), based on 
an agronomically desirable check variety of appro­
priate maturity which ms scored as 2.5 
Early lodging - scored as for lodging; recorded only In 
the P5 and Py generations on August 15 and 24, re­
spectively. 
The siz environments used in this study sampled a wide 
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range of climatic conditions from the to Py generations. 
The monthly temperature and precipitation are presented as 
departures from long term averages for the 1961-1964 growing 
seasons at the Agronomy Parm, Ames, Iowa (Table 1). Precip-
Table 1, Monthly temperature and precipitation departures 
from normal for the growing season, Agronomy Parm, 
Ames, Iowa, 1961-1964 
Departure from normal 
Temperature ("P) ~ Precipitation (in.) " 
Month Î9^ï W2 Ï9^3 1^ 19^1 1^ ï% 195? 
May -2.4 6.2 
-0.3 5.3 -2.7 1.0 1.4 -0.2 
June -1.4 -1.4 3.3 -1.1 -1.8 -1.2 -2.8 2.5 
July -2.6 
-3.5 -0.6 0.8 2.5 0.5 0.9 1.0 
August -0.9 -0.9 -2.6 -4.4 -1.7 -2.1 1.2 -0.7 
September -2.8 -3.4 0.8 1.3 5.6 -1.6 -1.0 -0.2 
itation was favorable in I961 while the plots grown in I962 
suffered moisture stress in the last half of the season. 
Growing conditions in I963 were excellent and produced record 
crop yields in Iowa. Moisture was an important limiting fac­
tor in 1964, particularly at flowering. These climatological 
data may be used to approximate the Squaw Creek Bottom envi­
ronments in 1962 and 1964, with the exception that 3*5 inches 
of overhead Irrigation were applied in each year on July 7 and 
July 25, respectively. 
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Experimental Design and Parameter Estimation 
The experimental design for the Pi^, and generations 
(environments 1, 2, and 3) was presented by Caldwell (1963). 
The design for environments 4, 5i and 6 was a split-
split plot in two replications, having cross-maturity group 
classification as whole plots in a factorial arrangement. 
Each whole plot contained 32 maternal lines and 64 daughter 
lines corresponding to a particular cross-maturity group 
classification. The sub-plots were blocks within maturity 
groups, each block containing l6 maternal lines and their 
corresponding 32 daughter lines as sub-sub-plots. 
The effects of years and locations were not separated in 
this study, and were grouped under environments. The effects 
of lines and environments were considered random, while fixed 
effects were assumed for crosses, maturity groups, and blocks 
within maturity groups. Pairs of daughter lines derived from 
maternal lines were assumed to be random samples of all pos­
sible pairs of daughter lines in these populations. 
The following model was assumed for whole-plots across 
environments: 
%ijkl = + Ei + + Ai + Bjj + (EA)ii + (EB)ik 
+ (AB)IJ]_ + (£AB)i]j]_ + e^jki . 
Por sub-plots across environments, the maternal line model was: 
^ijklmn ~ ^ ijklm ^klmn ^^^Hklmn ®ijklmn » 
25 
while the daughter line model was: 
^i jklmno = ^ijklm ^klmn %lmno )iklmn 
* 
+ (^^'Iklmno ®ijklmno » 
where = i^^ environment ; i = 1 to 3» 
= 1^^ cross; 1 = 1 to 2, 
Bjj; = k^  ^maturity group; k = 1 to 3» 
Eij = replication of the i^^ environment; j = 1 to 2, 
Sjjjim = m^^ block in the k^^ maturity group of the 1^% 
cross in the rep; m = 1 to 2, 
^klmn ~ maternal line in the m^^ block in the k^^ 
maturity group in the 1^^ cross; n = 1 to 16, 
^*klmn ~ ^  pair of daughter lines from the n^^ maternal 
line in the m^^ block in the k^^ maturity group 
in the 1^^ cross, 
Djjlmno ~ daughter line from the n^^ maternal line in 
the m^^ block in the k^^ maturity group in the l^h 
cross; o = 1 to 2, 
eijki; Gijklm* and e*ijklmno = higher order interactions, 
replication interactions, and random error. 
All combinations of symbols refer to interactions between and 
among the main effects. 
Analyses of variances and expected mean squares for whole-
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plots across environments and for a typical sub-plot (block 
within maturity group) across environments are presented in 
Tables 2 and 3» respectively. Analyses within an environment 
followed these formats after the elimination of environmental 
effects. 
Table 2. Analysis of variance and expected mean squares for 
whole plots across environments 
Source of variation d.f. Expected mean squares 
Total 35 
Environments (£) 2 
Crosses (C) 1 °iji + J°ii + Ijoi 
Maturity groups (MG) 2 *ijk 3*ik ijOk 
E X C 2 iji + 
E X MG 4 
*ljk J*lk 
C X MG 2 
°ijkl j*ikl 
E X C X MG 4 
*ljkl j*lkl 
Beplications in 
environments (B/E) 3 
E/E X C 3 *ijl 
H/E X MG 6 
E/E X C I MG 6 *ljkl 
Table 3. Analysis of variance and 
over environments 
Source of variation d.f. 
Lines in block 4? 
Maternal lines 
Daughter lines 
Among daughter pairs 
Within daughter pairs 
Maternal vs. daughter 
Environment (E) x 
lines in block 9^ 
E X maternal lines 30 
E X daughter lines 62 
E X among 
daughter pairs 30 
E X within 
daughter pairs 32 
E X maternal 





expected mean squares for a typical sub-plot 
Expected mean squares 
Oe(S) + Jo|s + ijog 
o§(M) + JO|M + ijOM 
Oe( P )  +  JOED + 30/31 JO |H<^ + ijoo + 30/31 ijOM* 
Oe(M*) + jo^D + 2Jo|m* + ijog + 2ija|* 
o|(D) + JOGD + IJOQ 
o|(G) + JA|C + IJOG 
oi(s) 2 + jogs 
oi(M) + jogM 
o|(P) + JO|D + 30/31 JO|M* 
Oe(M*) 2 2 + jo&D + 2J OEM* 
o|(D) 2 + JOgQ 
o^(C) + JO|Q 
Table 3. (Continued) 
Source of variation d.f 
• 
Expected mean squares 
Reps (R)/E X 
lines in block l4l o§(8)  
R/E X maternal lines 45 of (I'l) 
R/E X daughter lines 93 o§(P)  
R/E X among 
daughter pairs 45 
R/E X within 
daughter pairs 48 oi(D) 
R/E X maternal 
vs. daughter 3 o§(C) 
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The following relationships were used to obtain variance 
components In analyses across environments: 
= + 6c|) - (o| + /6 , 
and, 
Ggze (^e - Og/Z , 
2 2 2 2 
where Op, Og, Ogxei and oe are the phenotyplc, genotyplc, 
genotype x environment, and error variance components, respec­
tively, Estimates of variance and covariance components were 
obtained by equating mean squares and cross products to their 
expectations, and solving for the required components as indi­
cated, Component estimates for individual environments were 
obtained in similar manner. With the exception of among 
daughter pairs, these solutions were used for all groups of 
lines partitioned in the analysis of variance. Component 
estimates for among daughter pairs were obtained similarly, 
but were corrected for effects due to within pairs of daugh­
ters. Estimates were on a mean line basis in all cases, 
Phenotyplc and genotyplc correlations were obtained in 
the normal manner, phenotyplc variance and covariance compo­
nent estimates being used in the former, and the genotyplc 
estimates in the latter case, Heritabillty estimates in the 
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broad sense were obtained as a ratio of genotyplc to pheno-
typlc variance component estimates on a mean line basis. On 
the basis of expectations of additive genetic variance (Hanson 
and Weber, 196I), such heritability estimates in advanced gen­
erations of selfed progenies would approach narrow sense 
heritabilities. 
Theoretical Presentation 
The developments presented herein are essentially those 
of Smith (1936), Manning (1956)» and Hanson and Johnson (1957)• 
The theoretical basis of index construction was originally 
expressed by Fisher (1936) in terms of discriminant functions. 
The basic objective of selection is to effect a change 
in the genetic worth, G, of an individual or population. 
Genetic worth is not an observable trait and hence may not be 
manipulated directly. Selection must be practiced indirectly 
by causing changes in an observable variable, P, which is re­
lated to G in some manner. Now, if we assume G and F to be 
linearly related, then: 
G = p.Q + 3qp (P - jip) + e 
= .G + (P - .p) + e , 
where ix indicates the mean of the population, and pQp is the 
regression coefficient of G on P. 
Under truncation selection of the variable P, the mean 
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value of G in the selected sub-population will be; 
Gs = (^ s - , 
and 
Gg - ^G = PGP (^s " M-p) ' 
The object of selection experiments is to determine which 
variable, P, will maximize this expression of genetic advance. 
Index construction within a specific population 
The economic value or net worth of an organism may be ex­
pressed as one or more complex terminal traits. These traits 
are functions of several simpler traits, such functions becom­
ing more complex as the final trait increases in complexity. 
Assuming net worth is a linear function of component traits, 
we may write: 
P = biPi + b2P2 + . . . + bnPn 
n 
— ^ ^iPi > (l) 
i=l 
where P is the phenotypic net worth of the organism, p^^ is 
the phenotypic value for the i^^ trait, and b^ is any relevant 
set of weights. 
Similarly, we may conceive the organism to have genetic 
net worth for that terminal trait. This value will be more or 
less different from the measurable phenotypic value P and, 
assuming linearity, may be expressed as a function of the 
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genetic values of several simpler traits: 
G = + aggg + . . . + a^gn 
n 
= 2 a^gi , (2) 
i=l 
where G is the genetic net worth of the organism, is the 
genetic value of the i^^ trait, and is a relevant set of 
weights based on economic worth, 
A desirable criterion for the construction of a selec­
tion index based on more than one phenotypic trait may be the 
maximization of genetic advance in the final character. 
Since selection may be practiced only on the phenotypic ex­
pressions of a character, the problem reduces to the choice 
of a set of phenotypic weights, b^^, which will maximize the 
regression of G on P, say p. 
2 
Assuming N (P, Op), the phenotypic values may be 
transformed to standard normal variates, |^u % (0, l)j, by the 
expression; 
where Cp is the standard deviation of phenotypic value. Thus, 
the mean G associated with any value of P may be written: 
(G - G) = p(p - P) = PopU , 
and for any selection intensity, k, the expected genetic ad­
vance above the mean of the original population will be; 
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AG = E(G - G) = kgOp . (3) 
Under the above assumption of normality, 
k = - , 
q 
where z is the ordinate of the standard normal curve at the 
point of stratification of the population, and q is the fre­
quency of the selected group (Fisher and Yates, 1948), Thus, 
to maximize the genetic advance from selection, it is neces­
sary to maximize 3op, since k is a defined constant. 
If, by hypothesis, the phenotypic value, p, for any trait 
consists of two independent portior.s due to genotypic effect, 
g, and environmental effect, e, respectively, then: 
Pi = gi + Gi , 
where Pj^ is the phenotypic value, gj^ is the genotypic effect, 
and ej_ is the environmental effect. Under the hypothesis of 
independence, we may write for one environment: 
Plj = Si] + «13 . 
where p^j, g^j, and e^^j are the phenotypic, genotypic, and 
environmental variances respectively for i = j, and the corre­
sponding covariances among traits for i ^  j, 
The variance of the complex trait, P, is: 
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v(p)  =  Op =  a [p  -  p]2  
= E li biPi - 2 ^ 
= i i jz  bj ,  (p i  -  Pi) j^  
? Vll + ,2, tltjPij 
Similarly, 
— jL ^ bjbjDa J 
i j 1 
V(G) — OQ —  ^  ^  *  ( 5 )  
and 
Cov(G,P) = Ogp = ii[(G - G)(P - P)] 
= -Sj^ S ai (gi - gi) • 2 bi (pi - Pi)j 
= Ej^ Z ai (gi - gi) -2 bi (gi + ei - ii - ëi)J 
= 2 aibisii + ^2^ aibigij 
= 2 2  a i b j g i j  .  
Then, the regression coefficient, 3, of G on P is: 
p = M = 1  f  a i t jgi j  (6 ,  
4 f f tibjpij 
and 
eop = 1 (7) 
^1 J blbjPij 
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then 
1 2 log eOp = log Oqp - ^ log Op , 
where this is the quantity to be maximized in equation 3. 
Maximizing the above equation with respect to b^» Pop is a 
maximum when: 
o| of 
5 "fij = 5^ : = 5^ Ai , 
and we may obtain n equations of this general form for i = 
1 , . . n. The solution of these equations for bj is: 
4 
where c^j is the inverse of the matrix of phenotypic variances 
and covariances, P^j. 
For the case where non-standardized data is used, equa­
tion 8 reduces to : 
^ = 2 Aicij , 
and since K is a constant for all equations, a set of relative 
bj*s is obtained. 
Substituting in equation 7 for the optimum set of bj*s, 
genetic advance is maximized when: 
POp — 
2 2 biajgjj 2 2 
y2 2 biajgijCijPij y2 2 b^a^g^j 
= 72 2 b^ajgij = yô^ 
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Thus, genetic advance in standard measure is maximized when: 
A G = kpcp 
= k yô^  , (9) 
for cases of selection within a specific population using the 
optimum set of phenotypic weights, obtained from that 
population. 
The assumptions involved in these developments were; 
1) the genotypic and environmental effects for individual 
characters were additive and independently distributed, and 
2) genotypic and phenotypic net worth, G and P, followed a 
bivariate normal distribution. The first assumption is nor­
mally made in statistical methods using linear functions and 
appears reasonable. Since no distribution assumption is neces­
sary for a least squares development of multiple regression, 
regression coefficients (b^) will be little biased by consid­
erable deviation from the second assumption. However, deriva­
tion of equation 3 for evaluating genetic advance depends 
directly on the assumption of normality, so that failure to 
fulfill this assumption will result in biased results. 
Index construction for non-specific populations 
The best method of utilizing data available at any given 
time was discussed by Manning (1956). The construction of 
indices specifically for each season of testing was suggested 
on the basis that the most effective weighting of a series of 
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traits will be a function of the actual environmental condi­
tions experienced. Under this assumption, genetic advance was 
maximized specifically for each'generation. The potential 
bias involved in this approach due to genotype x environment 
interaction was indicated. However, it was considered that 
the expense of estimation of these interactions, and the rela­
tively small gain in precision anticipated from their parti­
tion, did not Justify the sacrifice of the specificity of any 
particular season. 
In contrast, Hanson and Johnson (1957) emphasized that, 
for quantitatively inherited traits in plants, the assumption 
that genotype x environment interactions are negligible is not 
valid. Consequently, extensive testing of a set of genotypes 
over a sample of environments (years and/or locations) will be 
necessary to obtain unbiased estimates of genotypic values, 
and hence reliable interpretations of the data. For genetic 
material so evaluated, a general selection index may be cal­
culated directly using the procedure above. In combining ex­
periments involving different genetic material, little error 
will be introduced by simply averaging the parameter estimates 
from the various tests, provided such estimates are expressed 
on a common base with respect to years, locations, generation, 
replications, plot size, and numbers of lines. Where differ­
ent test conditions existed, empirical adjustments may be made 
prior to pooling the data. 
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A suitable criterion for the combining- of such contrast­
ing data may be that the phenotypic weights (bj) be chosen in 
order to maximize the average genetic advance. Hanson and 
Johnson (1957) presented a procedure for obtaining a weighted 
function of the sets of genotypic and phenotypic parameter 
estimates, such function leading to maximum average advances 
using the normal index construction methods. 
The general expression for predicted genetic advance was 
derived by Smith (1936) as: 
? 2 aibjgij 
A G = k -1-1 
yz E bibjPij 
J 
Now, for any set of phenotypic weights (bj) other than those 
which maximize genetic advance in the population being sel­
ected, the predicted genetic advance of any selected group 
will be; 
. o. =. . (10) 
Estimates of A C-* for any set of weights will always be less 
than the estimate for A G in that population, since A G is 
based on the optimum phenotypic weighting in that material. 
Hanson and Johnson (1957) also showed that the expected corre­
lation between A G and A G* will be: 
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î ? blajeij 
r = = J 
= ^ G' . 
A G ' 
that is, the ratio of any predicted genetic advance to the 
maximum genetic advance for that population is equal to the 
expected correlation of the actual index values. 
Adjustment of non-specific indices 
It may be argued that the true mean relationship among 
traits for an entire population would be estimated more pre­
cisely as a greater number of studies and breadth of genetic 
material were pooled. In this study, the general population 
refers to soybeans as a whole in the U.S.A., and includes in­
determinate Midwest and determinate southern varieties of 
diverse parentage and plant habit. Further, it would be ex­
pected that as the average relationships were approached more 
closely, the mean deviation of these general parameters from 
those of all specific populations would be minimized. An 
index based on these average relationships would have wide, 
general utility. However, the use of such a general index 
would preclude any possibility of utilizing in selection the 
specific effects of any particular environment or population. 
Caldwell (I963)  reported details of a technique by which 
a general index may be adjusted for the heritability of the 
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relevant traits in the population under selection. The index 
equation (Hazel, 19^3) may be written: 
j ^ ajEiJ ' 
where bj and a^ are specific sets of phenotypic and economic 
weights, respectively, while pj_j and gj_j are estimates of the 





If heritability, H, is defined as; 
then 
f ^PiPj = f . 
If 
b' 
^3 = lV2 • and 
then 
f ^5 ^PiPj = I "3 . 
4l 
This modification of the original index equation was used to 
obtain an adjusted general index, where the genotypic and 
phenotypic correlations were obtained from various popula­
tions by pooling; and the heritabilities were estimated from 
the populations under study. It was suggested that the 
greater the deviation of the actual population from the pooled 
average, the greater would be the effect of the heritability 
adjustment. 
The pooled data may be used per se for index construc­
tion, unadjusted for any factors of the population under 
study. For data in the form of correlations, this may be done 
using the index equations; 
i " ^=1% ' 
where H is the character undergoing selection (Hazel, 19^3). 
Partition of genetic variability 
Hesolution of the causes of genetic variability necessi­
tates the definition of a base population for which a set of 
genetic parameters may be defined. The natural state of self-
pollinated species is homozygosity, and most plant improvement 
programs are conducted at levels of inbreeding where heterozy­
gosity and its effects may be ignored. Thus, a natural base 
population for expressing genetic variability in self-pollin­
ated species is the population of random homozygous lines that 
may be generated by selfing. Procedures for partitioning 
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epistatic genetic variance relative to such populations were 
described by Cockerham (1954). 
Consider an initial population with a gametic array of 
PiAi + q^a^; in which gene frequencies are uncorrelated across 
loci. Assuming negligible genetic drift during selfing, the 
genotypic frequency of random homozygous lines in the n^^ gen­
eration of selfing will approach p^A^Ai + q^a^a^. The test 
generation, n, should be sufficiently large that dominance 
variation is trivial. 
The additive portion of the genetic variability may be 
defined in terms of the average effect of substitution of a 
pair of homozygous alleles in that population. Additive vari­
ance may be estimated for each locus using orthogonal compari­
sons of genotypes and linear functions of genotypic effects 
weighted by genotypic frequency. For the two factor case, 
*(Ai)= PiSi (^2. - ' 
2 
where is the additive portion of genetic variability at 
the i^h locus, p^ and q^^ are the genotypic frequencies, and 
the expression in parenthesis is the average effect of substi­
tution of a pair of homozygous alleles. Additive x additive 
effects may be defined and estimated in similar manner for the 
two factor case. Extension to n loci (Cockerham, 1954) yields 
the expression: 
2 2 2 
~ *(A) ^(AA)"*" • • • ' 
43a 
where the use of parentheses distinguishes these genetic com­
ponents from those previously presented (Kempthorne, 1957). 
The expected genetic covariance between two homozygous 
lines arising from selfing in the generation is r + 
2 2 
r ' where r is the expected correlation between 
the additive scales of the two observations. This may be 
described in general as Gov (k; r,s); that is, the covariance 
of the r^h generation progeny means of generation k indi­
viduals with the s^h generation progeny means of the same 
individuals, where k ^  r ^ s (Homer and Weber, 1956), This 
quantity may be a covariance or variance, depending on the 
generations used. For homozygous lines derived from Pj^ indi­
viduals, the expected genetic covariance is identical to the 
expected genetic variance among groups. 
Under several assumptions, Harris (1964) presented a 
general expression for covariance among relatives in self-
fertilizing diploid populations; 
Gov (k; r,s) = 
n n-xi2 n-w 
2 2 2 
n-w-X22 
2 
Xi2=0 w=0 Xi=X22 ^ 2~^ 12 
and, 
2^12 _ QW" w 
2rxi+8x2 ^1 12 ' 
2 2 2 




where S and a are expressions of "dominance" and "additive" 
Xl2 w 
effects, respectively, are sub-sets of loci, and ^2 
the sum of products of interaction deviations involving w 
"additive" effects and x^ "dominance" effects and interaction 
deviations involving w "additive" effects and X2 "dominance" 
effects, with the "additive" effects in both terms involving 
the same w loci, and with X22 of the loci involved in "domi­
nance" effects being in common between the two terms. For 
r = s = , then; 
n 
Gov (k; 00 , 00 ) = 2 
w=l ' - S 
and this is the variance of the means of completely homozygous 
progeny produced from generation k individuals by an infin­
itely large number of generations of selfing. For such popu­
lations , expectations of genetic variance include only addi­
tive and additive epistatic variances. 
Hanson and Weber (I96I) presented expectations of genetic 
variance for homozygous lines arising from hierarchial dichot­
omy in the generation. Expected genetic variance among F2-
derived groups tested in the F^ generation (n sufficiently 
large so that dominance variation is negligible) will be; 
C(2; n,n) = |^ + . . . . 
The genetic component for lines within groups will contain all 
variability associated with classes which might have been de­
rived subsequently. Thus, the expected genetic variability 
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within Pg-derived groups will be; 
C(n; n,n) - C(2; n,n) = || + . . . . 
Therefore, assuming random sampling of F^-derived mater­
nal lines and of daughter pairs derived-from them in the 
generation, and that genetic drift was negligible during the 
bulk F^-F^ generations of selfing, the expected genetic vari­
ability of groups of daughter lines in these data may be 
written; 
V(within daughter pairs) = V(within P2 groups) 
= I of*) + ^  °(AÀ) + . . . , 
and 
V(among daughter pairs) = V(among P2 groups) 
° i "(A) + Î °{AA) + • • • • 
Since these were relatively homozygous and genetically 
homogeneous lines, these expectations were unconfounded by the 
effects of genetic heterogeneity within the line. In con­
trast, the F2-derived maternal lines were relatively homozy­
gous but genetically heterogeneous within the line. If the 
performance of pairs of daughter lines in heterogeneous com­
bination was identical to the mean performance of these lines 
in homogeneous culture, then the expected genetic variance 
among F^-derived maternal lines would be identical to that 
among pairs of daughter lines; 
%5 
V(among maternal lines) = V(among groups) 
However, if members of a pair did not react additively when 
grown in combination, performance of the heterogeneous line 
would deviate from the average of the daughter pair. Effect 
of such deviations would be reflected in the variance among 
heterogeneous maternal lines. Under the above assumption of 
random sampling of pairs of daughter lines within maternal 
lines, expected genetic variance of heterogeneous maternal 
lines then becomes: 
V(among maternal lines) = V(among heterogeneous P2 groups) 
where Cov(D]_,D2) is the covariance between daughter lines of 
a pair when grown in combination, and is an expression of devi­
ations from additivity. This may be termed a heterogeneity 
parameter and be expressed as the genotypic variance due to 
heterogeneity in these populations. 
Estimates for all traits of genotypic variance components 
within and among daughter pairs were equated to their genetic 
2 2 
expectations, and solutions obtained for and in 
individual environments and combined environments 4, 5» and 
6. These solutions were substituted in the expectation for 
= V(among homogeneous P2 groups) 
+ Gov(among genotypes within 
heterogeneous P2 groups) 
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maternal lines to obtain estimates of variance due to hetero­
geneity within such lines. 
These genetic components of variance may be expressed as 
linear functions of independent mean squares: 
2 n 
SQ. = ^ ^  i 1 a j 
i=l J 
2 
where SQ is the estimated variance component for various gen­
etic partitions and % are coefficients of the mean squares 
in this function. Approximate standard errors of these esti­
mates may be obtained from the relationship: 
where f^j are the degrees of freedom associated with indi­
vidual mean squares. Such estimates of standard error will 
be unbiased but approximate, since variance estimates were 
substituted for parameters in this function. 
Selection Procedures 
In this study, selection was practiced for seed yield by 
means of truncation using yield itself, correlated response to 
selection involving other single agronomic traits, and various 
forms of selection indices involving these agronomic traits. 
The selection procedures described below were applied in each 
environment of test and in the combined data over environments 
4, 5» and 6. All selection was based on a 10^ selection dif­
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ferential. Predicted genetic advance was obtained for all 
procedures in each environment and in the combined data for 
environments 4, 5> and 6. Actual advance estimates were ob­
tained by identifying the lines selected in each environment, 
and evaluating their performance in the combined data over 
environments 4, 5> and 6. 
Simple truncation selection 
Selection of single traits was done in these data, using 
a 10^^ differential and truncation selection. Predicted gen­
etic advance resulting from selection using yield itself was 
calculated from the expression: 
1/2 
A G = k Hy/ "Gy . 
where k was the selection differential in standard units, 
was the square root of the heritability for yield, and was 
the genotypic standard deviation for yield in that population. 
Similarly, the predicted advance in yield from selection of 
other correlated traits may be expressed: 
i G = k 4/2 4/2 op^ , 
1/2 
where was the square root of the heritability of the 
selected trait, and was the genotypic correlation be­
tween that trait and yield. Correlated selection was con­
ducted for all the agronomic traits. 
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Index selection 
General; average, and specific indices were evaluated in 
all environments. A general index was defined as an index 
constructed using parameter estimates obtained from popula­
tions other than those under study. An average index was ob­
tained by using pooled parameter estimates from the various 
crosses under study. Indices constructed using data from a 
particular cross or sub-population within a cross were termed 
specific indices. However, it should be noted that the index 
constructed from a particular population will be the optimum 
index for that population, regardless of the population struc­
ture . 
Caldwell (I963)  presented pooled parameter estimates from 
eight F3-P5 soybean populations. These studies were of com­
parable precision and were conducted in Iowa or North Caro­
lina, These data were converted to mean correlations among 
traits within a cross and then pooled over crosses. This pro­
cedure minimized bias towards those crosses or locations hav­
ing the greatest number of estimates. The pooled data (Table 
4) was used to construct general indices adjusted and unad­
justed for the heritability of the populations under study. 
Twenty-three indices were constructed for each test envi­
ronment and for the data combined over environments. These 
indices were as follows: 
Table 4-, Phenotypic and genotypic correlations of seven soybean characters averaged 
over eight soybean populations grown in Iowa or North Carolina 
Height Seed size Protein Oil 
Char- Maturity Lodging" (in.) (g./lOO) ^ ^ 
acter Pheno. Geno. Pheno. Geno. Pheno. Geno, Pheno. Geno. Pheno. Geno. Pheno. Geno. 
Yield 
(bu./a,) .370 .594 - .  256 -.112 .256 321 .212 255 - .139 - .226 .069 .107 
Maturity 1.000 1.000 -.181 - .226 .410 .578 .175 .201 .010 -.010 -.288 - .291 
Lodging 1.000 1.000 -.289 -.393 .120 .137 .016 - .030 .053 .016 
He ight 1.000 1.000 -.030 -.057 - .045 -.040 -.101 -.063 
Seed size 1.000 1.000 .124 .125 .085 .082 
Protein 1.000 1.000 -.545 - .560 
Oil 1.000 1.000 
^Days after August 31. 
^Scored visually from 1.0 to 5.0. 
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I-O - General index based only on the general population 
data. 
I-l - General index based on the general population data, 
but adjusted for heritability of traits for AX1^3-
AX144 in the test environment. 
I'-l - General index based on the general population data, 
but adjusted for heritability for AXl4l-A;{l48 in 
the Pii-F^ data. 
1-3 - Average index of ÂXli|'3-AXl^^ combined data in the 
test environment. 
I*-3 - Average index for AXl^l-AXl4-8 combined data in the 
data, 
I'-4 - Specific index for AXl^l in the data. 
1-5 - Specific index for AX143 in the test environment. 
I*-5 - Specific index for AX143 in the F^-F^ data. 
1-6 - Specific index for AX144 in the test environment. 
I*-6 - Specific index for AX144 in the F^-F^ data. 
I'-7 - Specific index for AX148 in the F^-F^ data. 
1-8 - Average index for AX143-AX144 maternal lines in 
the test environment. 
1-9 - Specific index for AX143 maternal lines in the 
test environment. 
I-IO - Specific index for AX144 maternal lines in the 
test environment. 
I-ll - Average index for AX143-AX14^ daughter lines in 
the test environment, 
1-12 - Specific index for AX143 daughter lines in the 
test environment, 
1-13 - Specific index for AX144 daughter lines in the 
test environment, 
1-14 - Average index for AX143-AX144 among daughter pairs 
in the test environment, 
1-15 - Specific index for AX143 among daughter pairs in 
the test environment, 
I-l6 - Specific index for AX144 among daughter^pairs in 
the test environment. 
1-17 - Average index for AX143-AX144 within daughter 
pairs in the test environment, 
1-18 - Specific index for AX143 within daughter pairs in 
the test environment, 
1-19 - Specific index for AX144 within daughter pairs in 
the test environment, 
- In all cases, parameter estimates were pooled across 
maturity groups within the cross or crosses involved. The 23 
indices obtained in each test environment were applied to each 
of 15 populations within that environment. These populations 
and the number of lines involved were ; 
AX143-AX14'4 - all lines; 576 entries, 
AX143 - all lines; 288 entries. 
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AX144 - all lines; 283 entries. 
AX143-AX144 - maternal lines; 192 entries. 
AX143 - maternal lines; 96 entries. 
AX144 - maternal lines; 96 entries. 
AX143-AX144 - daughter lines; 384 entries, 
AX143 - daughter lines; 192 entries. 
AX144 - daughter lines; 192 entries. 
AX143-AX144 - among daughter pairs; 192 pairs. 
AX143 - among daughter pairs; 96 pairs. 
AX144 - among daughter pairs; 96 pairs. 
AX143-AX144 - within daughter pairs; I92 pairs. 
AX143 - within daughter pairs; 96 pairs. 
AX144 - within daughter pairs; 96 pairs. 
Predicted genetic advance was obtained for each index-
population combination, using equation 9 presented earlier 
for specific combinations and equation 10 for non-specific 
combinations. Actual advance was computed by identification 
of lines selected in the test environment, and evaluating 
performance over environments 4, 5f and 6. 
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RESULTS AND DISCUSSION 
Partition of Variance 
Analyses of variance of nine characters in individual 
environments 4, 5» 6, and combined environments 4, 5> and 6 
are presented in Tables 5, 6, 7, and 8, respectively. Sums 
of squares were pooled across blocks and maturity groups in 
all analyses. Tests of significance were made using the 
appropriate mean square ratios indicated by the expected mean 
squares" (Tables 2 and 3). Average performances of maternal, 
daughter, and maternal plus daughter lines for all agronomic 
and chemical characters in each environment and combined are 
presented in Table 9, 
Whole-plot analyses 
Sensitivity of tests of significance in whole-plot anal­
yses was low owing to the restricted degrees of freedom. Few 
whole-plot (maturity group) effects were found to be different 
(P > iri maturity date for all three environments, while 
crosses were significant (P > 5^) in height for environments 
4 and 6, In environment 6, cross and maturity group-effects 
for seed size exceeded the 3% and 1% levels of probability, 
respectively, while the cross x maturity group interaction was 
significant (P > 1^) in environment 4. Chemical composition 
showed significant variation, the crosses being different at 
Table 5. Analyses of variance for all plant characters in Fg soybean lines of two crosses for environment 4, 1963 
Source of variation d.l C. 
Mean S' guares 
Yield 








% PSb.c El .b'd 
Replications (R) 1 6. 60 256.89 .40 111,88 7, 56 55. 48 4.19 1.97 3. 18 
Crosses (C) 1 212. 18 43. 56 .04 : 1767. 65* 206. 30 611, 04 260. 78* .06 7. 59 
Maturity groups (MG) 2 34.13 4462. 58* 5.47 : Î186, 25 3. 05 2. 75 5.68 .07 3, 81 
C X MG 2 411.24 200, 50 2,52 594. 17 23. 36** 1. 77 1.08 1.74 1. 76 
R X C 1 3.27 1.68 ,15 6. 57 3. 09 6. 15 .58 . 13 56 
R X MG 2 293. 98 78.21 1.08 114.42 2. 02 16. 72 4.53 . 12 96 
R X C X MG 2 211.45 20.19 1.87 130. 76 . 02 12. 80 .42 .97 . 78 
Lines in AX143-AX144 564 34. 33** 24. 23** .72** 19. 71** 2, 59** 2, 42** .87** .42** 79** 
Lines in AX143 282 32. 20** 29.92** .65** 14. 87** 2. 63** 2. 63** .97** . 38** 55** 
Maternal lines 90 28. 35** 14. 26** .39** 7.14** 2. 09** 1. 81** .57** , 19** 24** 
Daughter lines 186 34. 07** 36.60** , 68** 18. 27** 2. 92** 3. 07** 1.18** .45** 62** 
Among daughter pairs 90 44. 34** 50,05** ,93** 24.15** 4. 37** 4. 65** 1.76** .63** 84** 
Within dau^ter pmirs 96 24.45** 23.00** ,45** 12, 75** 1. 57** 1. 60** .64** . 28** 41** 
Maternal vs. daughter 6 31.96 54.41** 3.48** 25. 49* 1. 79* 1. 22 ,44 1. 20** 3. 26** 
Lines in AX144 282 36.45** 18.55** .78** 24. 54** 2. 55** 2. 21** .77** .45** 1. 03** 
Maternal lines 90 26.13** 9. 39** .54** 17. 51** 1. 85** 1. 55** .53** . 29** 57** 
Daughter lines 186 41. 82** 21.57** .83** 27, 70** 2. 93** 2. 46** .88** .52** 1. 15** 
Among daughter pairs 90 57. 24** 28. 67** 1.37** 43. 99** 4. 04** 3. 65** 1.30** .80** 1. 73** 
Within daughter pairs 96 27. 36** 14.91** . 31** 12.42** 1. 89** 1. 34** .48** .26** 60** 
Maternal vs. daughter 6 24. 98 62. 30** 2. 77** 32.13 1. 25** 4. 18** .99* .96** 4. 09** 
R X lines in AX143-AX144 564 10.61 1.41 .13 5, 02 . 19 44 .15 .08 14 
R X lines in AX143 282 10. 96 1.48 .12 3.67 . 22 46 .15 .09 14 
R X maternal lines 90 12.45 1.72 .12 3. 57 . 23 . 35 .15 ,06 14 
R X daughter lines 186 9. 82 1.31 .12 3.72 21 49 .15 , 10 14 
R X among daughter pairs 90 10.67 1.44 .14 3. 72 . 22 , 40 .16 . 12 • 15 
R X within daughter pairs 96 9.03 1.18 .11 3.73 . 19 . 58 . 13 .10 . 14 
R X maternal vs. daughter 6 23. 67 2. 95 . 14 3. 55 , 27 . 94 .13 ,03 . 10 
R X lines in AX144 282 10. 26 1.35 .13 6. 37 17 43 . 15 ,08 15 
R X maternal lines 90 12. 47 1,43 .14 5. 64 17 39 , 13 ,08 13 
R X daughter lines 186 9.10 1.32 .13 6. 38 17 . 45 .15 ,08 . 15 
R X among daughter pairs 90 9. 40 1.27 .10 7. 40 . 19 . 45 ,17 .07 . 15 
R X within daughter pairs 96 8.82 1.36 .15 5.44 . 15 . 45 . 14 .08 . 16 




32 .17 ,09 
• 
22 
Coefficient of variation 7, 7% 6. 3% 15.0% 5. 3% 2. 7% 1. 6% 1.9% 9, 8% 14. 4% 
^Days after August 31. 
^Scored visually from 1. 0 to 5, 0, 
^Phenotypic score. 
%arly lodging. 
*, **F value exceeds the 5% and 1% level of probability, respectively. 
Table 6. Analyses of variance for all plant characters in Fy soybean lines of two crosses for environment 5, 1964 
Source of variation d. f. 
Mean si quares 
Yield • 








% pgb, c EL'^''^ 
Replications (R) 1 412. 32 16.77 .88 3. 78 19,64 241. 72 89, 50 .03 ,20 
Crosses (C) 1 354, 22 1289.90 5. 30 1795. 00 359, 34 467, 80 651. 45* 2,40 2. 92 
Maturity groups (MG) 2 26. 66 4618.56** 7. 90 347. 04 25,41 43, 62 17. 56 1,89 ,00 
C X MG 2 443, 17 9, 23 .60 24. 38 20.08 6. 98 6. 53 ,38 1.62 
R X C 1 844. 26 116.92 1.34 205. 03 28,19 13. 85 1. 88 .44 3.45 
R X MG 2 852, 68 13.75 .82 230. 39 18,73 5. 89 3, 02 ,60 1,80 
R X C X MG 2 831.01 20.42 1.98 54.70 23,20 9, 39 3, 30 ,02 4, 28 
Lines in AX143-AX144 564 26. 18** 40.23** .40** 32. 56** 1.90** 2, 59** 1, 02** ,49** ,72** 
Lines in AX143 282 27. 89** 53. 51** .36** 24.40** 1,99** 2, 82** 1, 18** ,49** , 61** 
Maternal lines 90 22.03** 28.13** .28** 16.08** 1,58** 1, 92** 74** .35** ,42** 
Daughter lines 186 30, 61** 65.04** .40** 28, 45** 2.24** 3, 31** 1. 40** .56** .69** 
Among daughter pairs 90 35. 42** 93.66** .58** 38, 44** 2,86** 4. 87** 2. 11** .85** .95** 
Within daughter pairs 96 26,11** 38. 20** .23** 19. 09** 1,67** 1. 86** 74** . 29** .46** 
Maternal vs. daughter 6 31.16 76.96* .21 23. 59 ,47 1. 00 75 .25 .76 
Lines in AX144 282 24.47** 26.94** .44** 40. 73** 1.81** 2. 35** 85** .49** .83** 
Maternal lines 90 17, 48 14.64** .40** 25. 79** 1.26** 1. 56** 62** . 39** .73** 
Daughter lines 186 28, 16** 32,83** . 47** 47. 52** 2,12** 2. 79** 98** .55** . 89** 
Among daughter pairs 90 39. 84** 45. 86** ,73** 74. 13** 3. 25** 4, 26** 1. 37** .83** 1.28** 
Within daughter pairs 96 17. 22 20.61** .22** 22. 58** 1.06** 1, 41** 61** .28** ,52** 
Maternal vs. daughter 6 14.63 28.91* .16 54. 15 .42 . 70 . 54 .31 .68* 
R X lines in AX143-AX144 564 16. 05 2. 84 .09 5,51 ,27 45 22 . 10 .22 
R X lines in AX143 282 14. 94 3.15 .08 4.46 .27 45 20 .10 .21 
R X maternal lines 90 11.68 3.47 .08 4. 29 .24 48 23 . 10 .19 
R X daughter lines 186 16. 85 2. 94 .09 4.58 ,28 . 44 19 . 10 .22 
R X among daughter pairs 90 19. 18 3.41 .08 4. 80 .32 . 56 22 . 11 .26 
R X Within daughter pairs 96 14. 68 2. 50 .09 4, 38 .23 , 32 17 .10 .18 
R X maternal vs. daughter 6 4. 66 5.00 . 10 2. 99 .33 56 15 .07 .20 
R X lines in AX144 282 17. 15 2.53 . 10 6. 56 .27 45 23 , 11 .22 
R X maternal lines 90 18. 83 3.46 .08 7.04 .26 . 45 23 ,09 .24 
R X daughter lines 186 16.47 2.13 , 11 6. 29 .28 45 24 , 12 .22 
R X among daughter pairs 90 15.91 2.43 , 11 5.81 .28 59 30 , 12 .25 
R X within daughter pairs 96 17,01 1.85 .11 6. 73 .28 . 32 18 . 12 . 19 




12 . 10 ,08 
Coefficient of variation 9.8% 8.0% 13, 6% 4.7% 3,5% 1. 7% 2. 2% 11,3% 18. 0% 
®Days after August 31. 
^Scored visually from 1. 0 to 5, 0, 
(^Phenotypic score. 
dEarly lodging. 
value exceeds the 5% and 1% level of probability, respectively. 
Table 7, Analyses of variance for all plant characters in Fy soybean lines of two crosses for environment 6, 1964 
-YEia-
Source of variation d. f. (bu. / a. ) Maturity Lodging (in. ) 
Mean squares 
Height ieed size 
(g. /lOO) 
Protei "Sir 
PS b, c EL' b, d 
Replications (R) 
Crosses (C) 
Maturity group (MG) 
C X MG 
R X C 
R X MG 
R X C X MG 
Lines in AX143-AX144 
Lines in AX143 
Maternal lines 
Daughter lines 
Among daughter pairs 
Within daughter pairs 
Maternal vs. daughter 
Lines in AX144 
Maternal lines 
Daughter lines 
Among daughter pairs 
Within daughter pairs 
Maternal vs. daughter 
R X lines in AX143-AX144 
R X lines in AX143 
R X maternal lines 
R X daughter lines 
R X among daughter pairs 
R X within daughter pairs 
R X maternal vs. daughter 
R X lines in AX144 
R X maternal lines 
R X daughter lines 
R X among daughter pairs 
R X within daughter pairs 
R X maternal vs. daughter 
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. 1 1  
. 14 
. 2 1  
2,0% 9.8% 14,4% 
^Days after August 31, 
''Scored visually from 1, 0 to 5. 0, 
'^Phenotypic score. 
^Early lodging. 
*, **F value exceeds the 5% and 1% level of probability, respectively. 
Table 8. Analyses of variance for all plant characters in Fg-Fy soybean lines of two crosses tested over environments 4, 5, and 6, 1963-1964 
Source of variation d. f. 
Yield 








% pgb, c E^^d 
3 18. 86 104.97 .43 45.59 10, 17 166,79 40.97 .67 1.55 
2 26971.14**1430. 56* 97.24** 21044. 56**1376. 66**1526.66 225.07 11.87* 32, 19* 
1 732. 25* 1039,07 4.52 5293.04** 870.81**1404.92** 1457.17* 2,18 8.86 
2 207.21 12964.12** .41 2652.46* 43. 54 25.68 20. 60* .20 1.55 
2 7. 96 235.86 1.10 .15 5. 70 9.44 26.31* .43 1.06 
4 348. 28 28. 54 7.94** 245, 40 20, 50 16.86 2. 30 1. 12** 1. 20 
2 208. 56 99.95 .67 258.21 42. 93* 9.04 .74 .87 3. 22* 
4 494. 11 70. 88 1.89 215.88 5. 23 10. 27 11,03 1.11 .40 
3 285. 28 74.17 .51 72.48 10. 97 7, 36 ,86 , 24 1.34 
6 405. 55 35.63 .83 147.48 7. 26 9, 39 2, 73 ,30 .99 
6 485. 35 81.06 1.45 120.28 9. 49 16,01 2,72 .64 1.75 
564 38. 76** 87.57** , 79** 65. 76** 5. 22** 5.54** 2, 24** ,71** 1. 30** 
282 35. 23** 112.54** ,73** 47.85** 5. 67** 6. 34** 2.62** ,64** 1,01** 
90 30. 17** 53.33** . 46** 24.50** 4. 35** 4.40** 1,45** , 38** ,45** 
186 38. 13** 138. 62** .83** 57,94** 6.45** 7.46** 3,25** .76** 1, 23** 
90 43. 89* 198.07** 1. 23** 78.49** 9. 29** 11.22** 4,98** 1, 20** 1,81** 
96 32. 74** 82.88** ,46** 38, 68** 3. 80** 3.94** 1,62** ,36** . 69** 
6 20. 97 192.53** 1.55 85. 29** 1.22 .79 .95 ,61 2, 58 
282 42. 29** 62.60** ,86** 83.66** 4. 77** 4. 73** 1.85** . 77** 1,59** 
90 27. 35** 30,06** ,68** 51.31** 3. 23** 2. 88** 1.11** ,61** 1. 07** 
186 50. 57** 76. 76** ,92** 97,98** 5.61** 5.69** 2. 23** ,85** 1,78** 
90 79. 38** 105.58** 1,56** 163,56** 8. 03** 8.90** 3.36** 1, 39** 2. 83** 
96 23. 55** 49.74** . 32** 36,49** 3, 35** 2. 69** 1,16** . 34** , 80** 





Maturity groups (MG) 
Ex C 
E X MG 
C X MG 
E X C X MG 
R/E X C 
R/E X MG 
R/E X C X MG 
Lines in AX143-AX144 
Lines in AX143 
Maternal lines 
Daughter lines 
Among daughter pairs 
Within daughter pairs 
Maternal vs. daughter 
Lines in AX144 
Maternal lines 
Daughter lines 
Among daughter pairs 
Within daughter pairs 
Maternal vs. daughter 
&Days after August 31. 
^Scored visually from 1. 0 to 5. 0, 
•^Phenotypic score. 
(^Early lodging. 
*, **F value excceds the 5% and 1% level of probability, respectively. 
-o 
1 
Table 8, (Continued) 
Mean squares 
Yield Height Seed size Protein Oil 
Source of variation d, f. (bu. /a. ) Maturity Lodging (in. ) (g. /lOO) % % PS EL 
E X lines in AX143-AX144 1128 
E X lines in AX143 564 
E X maternal lines 
E X daughter lines 
E X among daughter pairs 
E X within daughter pairs 
E X maternal vs. daughter 
E X lines in AX144 564 
E X maternal lines 
E X daughter lines 
E X among daughter pairs 
E X within daughter pairs 
E X maternal vs. daughter 
R/E X lines in AX143-AX144 1692 
R/E X lines in AX143 846 
R/E X maternal lines 
R/E X daughter lines 
R/E X among daughter pairs 
R/E X within daughter pairs 
R/E X maternal vs. daughter 
R/E X lines in AX144 846 
R/E X maternal lines 
R/E X daughter lines 
R/E X among daughter pairs 
R/E X within daughter pairs 
R/E X maternal vs. daughter 
Coefficient of variation 
17. 08** 3.93** , 25** 6.18** .49** .73** .28** . 23** , 30** 
18. 05** 4.48** . 23** 5.17** . 48** .68** .29** . 24** . 24** 
180 15.12** 3. 73** .17** 4.53 . 37** .55* ,28** . 17** ,19* 
372 19. 34** 4. 85** , 23** 5. 39** .53** .74** .28** . 27** , 25** 
180 23. 49** 5.62* . 30** 6.11* .68** .97** ,36** . 35** . 29** 
192 15. 45** 4.14** .16** 4. 72* . 38** .53* . 22** . 20** , 21** 
12 22. 20 4. 27 1.18** 7. 97 .76* .94* .40* .50** ,88** 
16.12** 3. 38** .27** 7.19** . 50** .78** , 28** . 22** ,35** 
180 13. 17 3.24* . 21** 7,10 .46** .68** , 28** . 15** ,27** 
372 17. 50** 3, 38** .28** 7,10** .51** .81** ,27** . 25** ,37** 
180 20. 46** 4.15** .42** 8.15* , 68** 1.03** . 32** . 33** .48** 
192 14. 72** 2.66** . 15** 6.12 . 35** .61** .22* . 18** . 27** 
12 17. 49 5.45 . 79** 11.00 .54** 1.32* .36 . 31** ,84** 
10.73 2.13 .09 4.70 . 20 .39 . 18 .09 , 16 
10. 52 2.24 .09 3.75 .21 .41 .17 .09 . 16 
270 10. 08 2.46 .08 3. 78 .20 .42 .18 .07 , 15 
558 10. 68 2.10 .09 3.74 .20 .42 .17 .09 , 17 
270 11.56 2. 26 .09 3.78 .23 .43 .18 . 10 . 18 
288 9. 87 1.95 .08 3.70 . 18 .41 .16 .08 , 15 
18 11.87 3.13 .08 3.48 .26 .00 . 14 .06 , 11 
10. 95 2.03 .09 5. 65 . 19 .38 . 19 .09 . 16 
270 12. 39 2.49 .09 6.02 . 19 .39 . 19 .08 . 16 
558 10.32 1.79 .09 5,35 . 19 .39 .19 ,09 . 17 
270 10. 27 1.90 .08 5.52 .20 .44 .22 .09 . 17 
288 10. 36 1.68 .10 5.18 . 18 .34 .17 .09 . 16 
18 8. 86 2.42 .07 9. 35 . 10 .00 .17 .09 . 17 
8.4% 7. 3% 14. 3% 4.8% 3. 0% 1.5% 2,0% 10. 7% 15,4% 
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Table 9. Mean agronomic and chemical performance for all characters and populations in Fg, Fy and 
combined Fg-Fy soybean lines in two crosses, 1963-1964 
Yield 
Population (bu. /a. ) Maturity^ 
. Height 







% pgb.c EL^'^ 
Fg - Environment 4 
AX143-AX144 - all lines 42.4 18.9 2.4 42.3 16.2 41.8 20.4 2.9 2.6 
AX143 - all lines 42.0 19.1 2.4 41.0 16.6 42.5 19.9 2.9 2. 6 
AX144 - all lines 42.9 18.7 2.4 43.5 15.8 41.0 20.9 2.9 2.7 
AX143-AX144 - maternal lines 43.0 19.9 2.1 42.9 16.1 41.6 20,5 2.8 2.4 
AX143 - maternal lines 42.4 20.1 2.1 41.6 16.5 42.4 20.0 2.8 2.3 
AX144 - maternal lines 43,5 19.6 2.2 44.2 15.7 40.9 21.0 2,8 2.4 
AX143-AX144 - daughter lines 42.2 18.4 2.5 42.0 16.3 41.8 20.3 3.0 2.8 
AX143 - daughter lines 41.8 18.6 2.5 40.8 16.7 42.6 19.9 3.0 2.7 
AX144 - daughter lines 42.6 18.2 2.5 43.2 15.8 41.1 20.8 3.0 2.8 
Fy - Environment 5 
AX143-AX144 - all lines 41.0 21.2 2.2 50.0 14.8 39.8 21.2 2.8 2.6 
AX143 - all lines 40.4 22.2 2.1 48.8 15.4 40.4 20.5 2.9 2.6 
AX144 - all lines 41.5 20.1 2.3 51.3 14.2 39.1 22.0 2.8 2.7 
AX143-AX144 - maternal lines 40.8 22.0 2.2 50.4 14.8 39.8 21,2 2.8 2.6 
AX143 - maternal lines 40.0 23.4 2.1 49.4 15.4 40.5 20,4 2.9 2.5 
AX144 - maternal lines 41.7 20.6 2.2 51.5 14.3 39.2 22.0 2.8 2.6 
AX143-AX144 - daughter lines 41.0 20.7 2.2 49.8 14.8 39.6 21.2 2.8 2.6 
AX143 - daughter Hit s 40.5 21.6 2.2 48.4 15.4 40.3 20.5 2.9 2.6 
AX144 - daughter lines 41.4 19.8 2.3 51.1 14,2 39.0 22.0 2.8 2,7 
Fy - Environment 6 
AX143-AX144 - all lines 33.4 20.0 1.8 43.0 14.0 39.8 21.0 2.7 2.4 
AX143 - all lines 33.0 20.4 1.8 41.8 14.6 40.4 20.3 2.7 2.4 
AX144 - all lines 33.8 19.6 1,8 44.2 13.5 39.3 21.7 2.7 2.4 
AX143-AX144 - maternal lines 33.4 20,8 1.8 44.0 14.1 39.9 21.0 2.7 2.3 
AX143 - maternal lines 33.2 21.4 1.8 42.8 14.6 40.5 20.2 2.7 2.3 
AX144 - maternal lines 33.6 20.2 1.8 45.2 13.6 39.3 21.7 2.7 2.3 
AX143-AX144 - daughter lines 33.4 19.6 1,8 42.6 14.0 39.8 21.0 2.8 2.4 
AX143 - daughter Ones 32.9 19.9 1.8 41.3 14.6 40.4 20.3 2.8 2.3 
AX144 - daughter lines 33.9 19.3 1.8 43.8 13.5 39.3 21.7 2.7 2.4 
Fg-Fy - Environments 4, 5, and 6 
AX143-AX144 - aU lines 38.9 20.0 2,1 45.1 15.0 40.5 20.9 2.8 2.6 
AX143 - all lines 38.5 20.6 2.1 43.9 15.6 41.1 20.2 2.9 2.5 
AXL44 - all lines 39.4 19.5 2.2 46.3 14.5 39.8 21.5 2.8 2.6 
AX143-AX144 - maternal lines 39.1 20.9 2.1 45.8 15.0 40.5 20.9 2.8 2.4 
AX143 - maternal lines 38.6 21.6 2.0 44.6 15.5 41.1 20.2 2.8 2.4 
AX144 - maternal lines 39.6 20.1 2.1 47.0 14.5 39.8 21.6 2.8 2.5 
AX143-AX144 - daughter lines 38.9 19.6 2,2 44.8 15.1 40,5 20.9 2.9 2.6 
AX143 - daughter lines 38.4 20.0 2.1 43.5 15.6 41.1 20.3 2.9 2.6 
AX144 - daughter lines 39.3 19.1 2.2 46.0 14.5 39.9 21.5 2.8 2.7 
^Days after August 31. 




the or level in all environments for oil content, and 
at the 5^ level for protein content in environment 6. 
The whole-plot analysis across environments (Table 8) 
showed significant differences due to environments in all 
characters except protein and oil Averaged across environ­
ment, the crosses were significantly different (P > S%) in 
yield, height, seed size, and chemical composition of the 
seed. Maturity date, height, and oil % were significantly 
different across maturity groups (P > $%) , while lodging and 
phenotypic score showed significant environment x maturity 
group interactions at the \% level of probability. 
It was apparent from the means of the various attributes 
(Table 9) that the effects of environments were marked. This 
was presumably largely due to differences in precipitation 
and/or soil type. In general, crosses and maturity groups 
performed similarly within any one environment, while the in­
creased precision of the combined analysis over environments 
revealed significant differences among these effects in most 
traits. Significant interactions of maturity group with envi­
ronment for lodging and phenotypic score indicated failure of 
these visual rankings to be consistent across environments. 
Sub-plot analyses 
Precision and homogeneity of errors The relative mag­
nitude of the error mean squares for the various sources of 
variation within crosses and between crosses in each environ-
61 
ment (Tables 5» 6, and 7) may be used as a measure of homogen­
eity of error in these data. It was apparent that, for all 
characters in all three environments, error mean squares were 
remarkably uniform. This was most evident for the traits in­
volving chemical composition or a rank score, and least marked 
for complex traits such as yield and height. 
The error variance estimates remained similar across 
environments, indicating a consistent precision of experi­
mental technique. There was a tendency for increased error to 
occur in all traits under more favorable environments (envi­
ronments 4 and 5) than in a stress environment (environment 
6). This was most marked for environment 5 (Table 6) in which 
irrigation was used to reduce moisture stress effects. These 
data suggested that a basic level of experimental error exist­
ed for these plot techniques, and that this may be increased 
by highly favorable environments or by artificial modification 
of the environment. However, the error variance estimates 
for the combined P&-Py data (Table 8) indicated marked homo­
geneity. 
Coefficients of variation for all characters were consis­
tent across environments and were highly acceptable for most 
traits. Visually scored characters, such as lodging, early 
lodging, and phenotypic score, had relatively high variability 
in relation to their means. It was of interest to note that 
the relatively complex trait, phenotypic score, had a lower 
62 
error mean square and coefficient of variation than either 
lodging or early lodging while the means for all three rank 
scores were comparable. This may be related to the use of a 
check variety as a standard within each block for phenotypic 
score, while lodging scores were taken on an absolute scale. 
Line effects Sub-plot analyses of variance for each 
environment and combined environments (Tables 5» 6, 7, and 8) 
indicated that, with the exception of the maternal versus 
daughter comparison in each cross, most sources of line vari­
ation were significant at the 1.% level of probability. Line 
effects were non-significant for AX144 within daughter pairs 
and AX143 among daughter pairs in environments 5 and 6, re­
spectively. 
The relative magnitude of the mean squares for the vari­
ous partitions of lines was consistent over crosses and envi­
ronments, In all cases, the maternal line mean squares was 
smaller than, and the daughter line mean square greater than, 
the mean square for all lines within a cross. The mean square 
for among daughter pairs was invariably the largest estimate. 
Under the previous assumption of random sampling for 
maternal and daughter lines, the expected value of the mater­
nal versus daughter mean square would be zero for all traits 
which were randomly affected by degree of heterogeneity within 
the line. This would be so when the magnitude of any charac­
ter for heterogeneous maternal lines was an average of that 
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character for all possible daughter lines. Intuitively, this 
would be expected for seed yield, seed size, chemical composi­
tion, and for all characters involving ranking of relatively 
simple traits. However, maturity date of a heterogeneous 
maternal line may be unduely biased towards lateness by the 
presence of a few late-maturing plants. As a result, average 
maturity date for maternal lines was consistently later than 
that for daughter lines in all environments (Table 9). Simi­
larly, competitive effects within a heterogeneous line would 
result in a degree of etiolation of genetically shorter plants 
and thus an over-estimate of true average plant height. Over-
estimation may also occur due to measurement bias in hetero­
geneous lines. This was evident in that plant height for 
maternal lines invariably exceeded that for daughter lines in 
all environments. 
These expectations of the magnitude of the maternal ver­
sus daughter comparison were supported by the analysis of data 
combined over environments (Table 8), in that only height and 
maturity "showed a marked tendency towards significance. How­
ever, within any one environment (Tables 5» 6, 7)» other 
traits showed varying degrees of significance for this compari­
son. This may be related to the magnitude of the specific en­
vironmental bias in these data. It was interesting to note 
that the maternal and daughter lines were significantly differ­
ent (P > 1^) in phenotypic score in only one environment. 
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This is in contrast to a suggestion by Caldwell (1963) that 
the level of visual heterogeneity within a line was directly 
correlated with phenotypic score. With the exception of envi­
ronment 4 (Table 5)» these data indicated that scoring of 
phenotypic desirability was not closely related to the degree 
of heterogeneity of the lines. 
The environment x line interactions for the various par­
titions of variance (Table 8) were significant at the I/o level 
of probability in most cases. These data indicated that, with 
few exceptions, all characters in all groups of lines per­
formed differentially across environments. Most cases of non-
significance involved maternal line interactions, and regard­
less of significance, the interaction mean squares for 
maternal lines were invariably smaller than those for the 
daughter line or all line sources of variation. Conversely, 
mean squares for environment x among daughter pairs were in­
variably the largest of the interactions, while the mean 
squares for maternal lines and within daughter pairs were gen­
erally small and comparable in size. 
The sub-plot analyses (Tables 5> 6, 7, and 8) indicated 
clearly that, while the errors for traits within and among 
environments were homogeneous, the various groups of lines 
differed appreciably in their contribution to line and envi­
ronment X line variance on a mean line basis. These data sug­
gested that the contribution of a line to variance and to 
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instability across environments was inversely related to the 
degree of expected heterogeneity within a line. All charac­
ters observed performed similarly in these data. 
Estimation of Parameters 
Mean squares and mean cross products were pooled across 
maturity groups and blocks in maturity groups within a cross. 
Estimates of the phenotypic, genotypic, genotype x environ­
ment, and error variance and covariance components were ob­
tained by equating the mean squares to their expectations, and 
solving for the desired components. Phenotypic and genotypic 
component estimates for all lines, maternal lines, daughter 
lines, among daughter pairs, and within daughter pairs are 
presented for both crosses in environments 4, 5» 6, and 4-, 
5, and 6 combined in Appendix Tables 37, 38, 39, and 4o, re­
spectively. Component estimates for AXl43-aXl44 may be ob­
tained by averaging corresponding estimates within groups of 
lines for AX143 and A:{14^. Estimates of the genotype x envi­
ronment interaction variance components for the various groups 
of lines in the generations are summarized in Table 10 
for all traits. 
The characters, lodging, early lodging, and phenotypic 
score were recorded on a decreasing scale in all environments; 
that is, for lodging and early lodging, 1.0 = erect and 5.0 = 
prostrate, while for phenotypic score, 1.0 = most desirable 
Table 10. Estimates of genotype x environment variance components in all characters for populations of Fg-Fy soybean lines 
(environments 4-6, 1963-1964) and F4-F7 maternal lines (environments 1-6, 1961-1964) 
Population Yield Maturity Lodging Height Seed size Protein Oil PS^ EL^ 
Environments 4, S, 6 
AX143-AX144 - all lines 3. 176 .899 .081 ,740 . 147 . 170 .049 .073 .068 
AX143 - all lines 3.768 1.122 .073 ,710 ,139 ,138 .056 .080 .044 
AX144 - all lines 2.584 ,676 .089 .770 , 155 ,203 .042 .065 .093 
AX143-AX144 - maternal lines 1.457 .504 .052 .457 ,111 .107 ,048 ,041 .038 
AX143 - maternal lines 2.521 .633 .042 .371 ,084 .068 ,050 ,050 .022 
AX144 - maternal lines . 393 .375 .062 .542 .138 .147 ,046 .032 .055 
AX143-AX144 - daughter lines 3.958 1.085 .083 .852 , 161 , 186 .048 .085 .073 
AX143 - daughter lines 4.327 1.376 .072 .825 .162 , 160 ,057 .091 .043 
AX144 - daughter lines 3.589 .794 .094 .879 . 161 .211 .038 .080 . 103 
AX143-AX144 - among daughter pairs 1.523 .306 ,052 .375 ,068 .092 ,022 .038 .032 
AX143 - among daughter pairs 1.588 .294 .033 ,327 ,061 . 106 ,029 .035 .014 
AX144 - among daughter pairs 1.458 .318 .070 ,422 ,076 ,076 ,014 .040 ,050 
AX143-AX144 - within daughter pairs 2.484 .789 ,033 .489 .095 ,097 ,027 .049 .042 
AX143 - within daughter pairs 2,790 1.092 ,040 .509 .103 .057 .029 .057 ,030 
AX144 - within daughter pairs 2.178 ,486 .026 ,470 .087 .137 ,025 .041 ,054 
Environments 1, 2, 3, 4, 5, 6 
AX143-AX144 - maternal lines 1.191 .758 .058 .784 .106 .170 .066 .053 
AX143 - maternal lines 1.429 ,907 .043 ,591 . 100 .150 .063 ,046 — ~ 





and 5*0 = least desirable. All other traits were taken on an 
increasing scale. In order to standardize the direction of 
all characters, the sign of all covariances involving lodging, 
early lodging, and phenotypic score with any other traits was 
reversed. The original means were not converted, but all sub­
sequent calculations were made using the coded covariance 
estimates. 
Negative genotypic or genotype x environment variance 
component estimates were equated to zero. Realistically, such 
negative variance components were meaningless, and resulted 
from sampling errors. However, only two such cases were 
found; that is, for yield of seed in AX144 maternal lines and 
ÀX143 among daughter pairs for environments 5 and 6, respec­
tively. 
Genotype x environment interaction component estimates 
Variance component estimates for genotype x environment 
interaction involving environments 4, 5» and 6 (Table 10) were 
obtained for all characters in the various groups of lines. 
It was apparent that, for all characters, the magnitude of 
these estimates in varied in a constant pattern 
for the groups of lines. Invariably, maternal lines showed a 
relatively small interaction with environments, averaging from 
one-half to three-quarters the magnitude of that component for 
all lines. With the exception of oil content, daughter lines 
revealed greater interaction components than did all lines, 
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the estimate being up to twice as large as that for maternal 
lines. In all characters except yield, the estimate for among 
daughter pairs was the smallest of all groups of lines, while 
that due to within daughter pairs varied around the magnitude 
of that due to maternal lines. 
This pattern of response generally remained constant for 
"both crosses, but the relative magnitude of the interaction 
varied between the crosses for the different traits. In gen­
eral, ÀX1^3 showed a higher degree of interaction with envi­
ronment for yield, maturity, oil content, and phenotypic 
score, but was exceeded by AX144 in lodging, height, seed 
size, protein content, and early lodging for all lines, 
maternal lines, daughter lines, and within daughter pairs. 
In contrast, the estimates for among daughter pairs were re­
versed in magnitude for the two crosses in most characters. 
An estimate of environmental interaction was obtained for 
the identical set of maternal lines across environments 1 
through 6 (Table 10). With the exception of a slightly 
smaller estimate for yield in AX1^3 and a slightly larger 
estimate for AX144, the magnitude of the estimates was gen­
erally similar to, or slightly larger than, those obtained in 
environments 4, 5» and 6, 
These data indicated clearly a marked effect of the type 
of genetic material on magnitude of genotype x environment 
interaction. The F2-derived maternal lines were relatively 
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homozygous but genetically heterogeneous, while the F^-derived 
daughter lines were relatively homozygous and homogeneous. 
Since both maternal and daughter lines were random samples of 
a population, it was apparent that heterogeneity within the 
maternal lines contributed greatly to homeostatic performance 
across these environments. In contrast, the genetic uniform­
ity within daughter lines resulted in relatively low stability 
across environments. It should be noted that the mean per­
formance of these groups of lines within any one environment 
or across environments (Table 9) was very similar in all 
traits, indicating that environmental interactions in the 
daughter lines were paralleled by those in maternal lines, but 
were more extreme in both directions. 
Daughter lines within a pair tended to respond less 
diversely across environments than did random daughter lines. 
However, differences between daughter lines within a pair were 
substantial in most traits, indicating that the lines tended 
to diverge from each other to a variable extent depending on 
each specific environment. In contrast, genotype x environ­
ment interaction for among daughter pairs was small in most 
traits, indicating that the average performance of the pairs 
of lines was relatively consistent across environments. This 
suggested that, on the average, a positive response of one 
daughter of the pair was at least partially counter-balanced by 
a negative response of the other line in each environment. 
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Component estimates for line effects 
Estimates of phenotypic and genotypic variance and co-
variance components for the three individual environments 
(Appendix Tables 37> 38> and 39) showed a wide variation in 
magnitude with environment. Characters responded differ­
entially to the various environments; for example, the compo­
nent estimate for yield in the pooled data across AXl4'3-AXl44' 
was greatest for environment 4 and least for environment 6, 
while maturity and height variance component estimates were 
greatest in environment 5 and least in environment 4. There 
was a general tendency for the relative magnitude of the vari­
ance component estimate to be related to the degree of charac­
ter expression in these environments. 
It is apparent that, for all environments individually 
and combined (Appendix Tables 37» 33, 39» and 40), the vari­
ance component estimates for maternal lines were invariably 
less than those for all lines, whereas those for daughter 
lines were invariably larger than the all lines estimates and 
considerably larger than the estimates for maternal lines. 
Component estimates for among and within daughter pairs were 
variable in magnitude, depending on the cross and character 
involved. However, the estimates were generally of similar 
magnitude to each other and to those for maternal line groups. 
In the simplest form, character expression of, and vari­
ance among, a group of entries of genetic material may be con­
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sidered as a function of the interaction between genotype of 
entry and the environmental regime. Specific environmental 
conditions would therefore be expected to result in certain 
magnitudes of character expression and variance. Any factor 
reducing such variance below this expectation in any particu­
lar environment may be termed a homeostatic influence, since 
differences among entries are thereby suppressed. For homozy­
gous genotypes, two such mechanisms may exist. These are in­
ternal buffering processes within the plant due to phasic 
developmental sequences, and populational buffering due to 
partial alleviation of inter-plant competition within an entry 
as a result of mixtures of homozygous plants having different 
phasic developmental patterns. Therefore, heterogeneity in­
volving mixtures of pure lines progeny may condition homeo­
static reactions in excess of that shown within homogeneous 
pure line progenies, simply by varying the distribution in 
time and space of such phasic developmental processes and 
demands. 
For this study, estimates of variance components on a 
line basis (Appendix Tables 37, 38, 39» and ^0) provided evi­
dence of strong homeostatic influences within the maternal 
lines compared to daughter lines in individual environments 
and over environments. Since daughter lines were assumed to 
be random samples of genotypes within the maternal lines, it 
may be expected that any internal, developmental buffering 
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processes within the homozygous genotypes represented would, 
on the average, remain constant across maternal and daughter 
lines. Therefore, the marked homeostasis of maternal lines 
in all environments may be related to inter-plant competition 
and buffering within such heterogeneous material. 
Phenotypic and genotypic correlations 
Phenotypic and genotypic correlations for all agronomic 
and chemical traits with yield in environments 4, 5» 6, and 
for combined environments 4, 5f and 6 are presented in Tables 
11, 12, 13» and 14, respectively. Tests of significance were 
not made of genotypic correlations. For populations in ad­
vanced selfing generations, genotypic correlations may be re­
lated to pleiotropic effects of genes and/or to linkage dis­
equilibrium resulting from rapid, non-random fixation of linked 
loci. 
Failure of the genotypic correlation to equal the corre­
sponding phenotypic correlation was related to the presence 
of environmental correlations for these traits. Genotypic 
correlation in excess of the phenotypic correlation In either 
a positive or negative direction indicated environmental cor­
relations of opposite sign to that of the genotypic correla­
tion. The reverse situation indicated genotypic and environ­
mental associations acting in the same direction and possibly 
through the same physiological mechanisms. In the three envi­
ronments and in combined environments, all genotypic correla­
tions with yield were greater than, or approximately equal to. 
Table 11. Phenotypic and genotypic correlations of all characters with seed yield for populations of Fg soybean lines in environment 4, 1963 
Maturity Lodgiiy^ Height Seed ske Protein Oil PS^>^ EL^' 
Population Pheno, Geno. Fheno. Geno. Pheno. Ce no. Pheno. Geno. Pheno. Geno. Pheno. Geno. Pheno. Geno. Pheno. Geno. 
AX143-AX144 - all lines 
AX143 - all lines 



















































AX143 - maternal lines 



















































AX143 - daughter lines 


















































among daughter pairs 
AX143 - among daughter pairs 


















































within daughter pairs 
AX143 - within daughter pairs 

















































^Sign of all correlations reversed for lodging, early lodging, and phenotypic scorc. 
^Phenotypic score. 
'^Early lodging. 
*, **F value exceeds the 5% and 1% level of probability, respectively. 
Table 12, Phenotypic and genotypic correlations of all characters with seed yield for populations of Fy soybean lines in environment 5, 1964 
Maturi^ Lodgi^^ Height Seed ske Protein Oil PS^'^* EL^' ^  
Population Pheno. Geno. Pheno. Geno. Pheno. ùeno. Pheno. Geno. Pheno. Geno. Pheno. Geno. Pheno. Geno. Pheno. Geno. 
AX143-AX144 - all lines 
AX143 - all lines 



















































AX143 - maternal lines 











































AX143 - daughter lines 


















































among daughter pairs 
AX143 - among daughter pairs 


















































within daughter pairs 
AX143 - within daughter pairs 






































^Sign of all correlations reversed for lodging, early lodging, and phenotypic score. 
Phenotypic score. 
^Early lodging. 
*, **F value exceeds the 5% and 1% levels of probability, respectively. 
Table 13, Phenotypic and genotypic correlations of all characters with seed yield for populations of Fy soybean lines in environment 6, 1964 
Maturity Lodgi^^ Height Seed size Protein Oil PS^'^ EL^' ^ 
Population IPheno, Geno, theno, Geno. Pheno, Geno, Pheno. Geno. Pheno. Geno. l^heno. Geno. t^lieno. Geno. Pheno, Geno. 
AX143-AX144 - all lines 
AX143 - all lines 



















































AX143 - maternal lines 



















































AX143 - daughter lines 


















































among daughter pairs 
AX143 - among daughter pairs 


















































within daughter pairs 
AX143 - within daughter pairs 

















































^Sign of all correlations reversed for lodging, early lodging, and phenotypic score, 
^Phenotypic score. 
CEarly lodging. 
**F value exceeds the 5% and 1% level of probability, respectively. 
Table 14. Phenotypic and genotypic correlations of all characters with seed yield for populations of Fg-Fy soybean lines combined over 
environments 4, 5, and 6, 1963-1964 
Maturity Lodgi:^^ Height Seed siK Protein Oil PS^'^ EL^' ^ 
Population Pheno. Geno. Pheno, de no. Pheno. Geno, Pheno. Geno. Pheno. Geno, Pheno, Geno. Pheno. Geno, Pheno. Geno, 
AX143-AX144 - all lines 
AX143 - all lines 



















































AX143 - maternal lines 



















































AX143 - daughter lines 


















































among daughter pairs 
AX143 - among daughter pairs 










































within daughter pairs 
AX143 - within daughter pairs 

















































^Sign of all correlations reversed for lodging, early lodging, and phenotypic score. 
^Phenotypic score. 
CEaily lodging. 
*, **F value exceeds the 5% and 1% level of probability, respectively. 
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the phenotyplc correlations. These data suggested the envi­
ronmental correlations among traits were small, and generally-
acted in an opposite direction to genotypic associations. 
The magnitude and direction of the phenotypic correla­
tions of the various traits with yield varied across environ­
ments (Tables 11, 12, 13). Maturity was highly significantly 
correlated with yield in all groups of lines for environment 
but little association of these traits existed in the other 
environments. This may be related to the environmental condi­
tions experienced in these locations. Environment 4 was 
highly favorable for growth towards the end of the season, 
with the result that late-maturing lines were able to reveal 
their greater yield potential, A reverse situation existed in 
environment 6, and small negative associations of yield and 
maturity existed. For environment 5, excessive vegetative 
growth of the later lines resulted in greater lodging inci­
dence and consequently reduced yield. 
Plant height was generally negatively correlated with 
yield. This was most marked for environment 6, and may be re­
lated to the moisture stress conditions experienced. Those 
lines which responded vegetatively in this season apparently 
were subject to increased moisture stress during seed develop­
ment, with a consequent yield reduction. A similar situation 
existed for seed size, except that the correlation with yield 
ranged from a high positive association in favorable environ­
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ments to a slight negative association under moisture stress. 
Chemical composition of the seed was only slightly associated 
with seed yield, the correlations tending to be negative and 
positive for protein and oil content, respectively. 
Correlations of lodging and early lodging with yield 
varied from strong positive associations in favorable environ­
ments (environment 4) to low degrees of association under 
stress conditions (environment 6). These data suggested that 
under conditions of large vegetative development, high yield 
was conditioned by low degrees of lodging, while yield was 
virtually unaffected by degree of lodging under restricted 
growth conditions. However, it should be noted that much 
lower degrees of lodging were experienced under the moisture 
stress conditions. 
It is hypothesized that the plant canopy was operating 
as a photosynthetic unit during seed development, and that 
solar energy penetration into this canopy was a function of 
vegetative development and degree cf lodging. Under condi­
tions of low vegetative development, energy penetration, and 
hence yield, was apparently little influenced by degree of 
lodging, while the degree of lodging was critical under great­
er vegetative growth. Lodging and early lodging were closely 
related to each other, but in general, early lodging was more 
closely related to yield than was lodging itself (Tables 11, 
12, 13» and Ik). This would suggest that the degree of 
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uprightness of the plant community during pod filling was of 
greater importance in yield production than was lodging at 
maturity. This may be related to the relative degree of solar 
energy penetration into the plant canopy at that time. 
In all environments, phenotypic score was positively 
associated with yield, indicating that visual classification 
of agronomic desirability was of value in discriminating high 
yielding genotypes. This ability to discriminate among the 
lines decreased as line performance was lowered due to envi­
ronmental stress. These data suggest that visual estimation 
of agronomic desirability was a useful criterion for the iden­
tification of high yielding lines under certain conditions. 
These data were not in complete agreement with those of Hanson 
et al. (1962). 
For the data combined across environments (Table 14), it 
was apparent that early lodging was the trait most highly 
correlated with yield. Phenotypic score and lodging performed 
similarly, both being positively correlated with yield. 
Ifeturity and seed size showed small positive associations with 
yield. Plant height and chemical composition of the seed were 
virtually independent of seed yield, height and protein con­
tent tending towards negative, and oil content towards posi­
tive, correlations with yield in most populations. 
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Herltablllty 
The concept of herltablllty and Its application In animal 
breeding was discussed in detail by Lush (I949), using the 
individual animal as a basic reference unit. Hanson (1963) 
discussed the effects of type of selection unit and mode of 
reproduction on the concept of herltablllty in plant breeding. 
On the basis of selection concepts, herltablllty was defined 
for plant studies as the fraction of phenotypic variability 
for a defined reference unit expected to be transferred to the 
progeny. Alternatively, it is the fraction of the selection 
differential expected to be gained when selection is practiced 
on a defined reference unit. Acceptable reference units may 
vary for different plants and situations. A plot I6 feet long 
with two replications in each of two environments may be suit­
able in soybeans (Johnson and Bernard, I962). Although such 
definitions of herltablllty may not be completely compatible 
with animal breeding concepts, the value obtained is a usable 
statistic in practice, while sufficient flexibility is main­
tained to allow its use in all facets of plant breeding. 
Herltablllty was computed in the broad sense for all 
characters in each environment (Table 15)» and for the com­
bined environments (Table 16). These estimates were obtained 
on a mean line basis as the ratio of genotypic to phenotypic 
variance for each group of lines. Such estimates in advanced 
selfing generations would approach narrow sense estimates of 
i 
I 
Table IS. Heritability estimates for all characters and populations for Fg (environment 4) and F? (environments 5 and 6) soybean lines, 
1963-1964 
Population 
Yield Maturity LodRinR Height Seed size 
Environment Environment Environment Environment Environment 
4 5 6 4 5 6 4 S 6 4 S 6 4 S 6 
AX143-AX144 - all lines .69 .39 ' .55 .94 .93 .93 .82 .76 .76 .74 .83 .86 .93 .86 .92 
AX143 - all lines .66 .46 .50 .95 .94 .94 .81 .76 .74 .75 .82 .84 .92 .87 .93 
AX144 - all lines .72 .30 .60 .93 .90 .91 .84 .77 .78 .74 .84 .88 .94 .85 .91 
AX143-AX144 - maternal lines .54 .23 .41 .87 .84 .84 .72 .76 .71 .63 .73 .73 .90 .82 .89 
AX143 - maternal lines .56 .47 .39 ,88 .88 .88 .68 .71 .67 .50 .73 .66 .89 .85 .90 
AX144 - maternal lines .52 .00 .42 .85 .76 .79 .75 .80 .74 .68 .73 .76 .91 .80 .87 
AX143-AX144 - daughter lines .75 .43 .63 .96 .95 .95 .84 .77 .78 .78 .86 .89 .94 .87 .94 
AX143 - daughter lines .71 .45 .56 .96 .96 .96 .82 .78 .75 .80 .84 .87 .93 .88 .94 
AX144 - daughter lines .78 .42 .69 .94 .94 .93 .84 .76 .81 .77 .87 .91 .94 .87 .92 
AX143 -AX144 - among daughter lines .70 .45 .57 .94 .93 .94 .87 .82 .82 .79 .87 .91 .92 .85 .91 
AX143 - among daughter lines .63 .20 .00 .95 .94 .95 .77 .82 .78 .75 .80 .81 .92 .77 .93 
AX144 - among daughter lines .76 .60 .72 .92 
1 
.91 .91 .91 .82 .85 .80 .90 .94 .92 .89 .88 
AX143-AX144 - within daughter lines .66 .27 .48 .93 .93 .92 . 66 .54 .56 .64 .73 .79 .90 .81 .91 
AX143 - within daughter lines .63 .44 .55 .95 .94 .92 .76 .60 .55 .71 .77 .82 .88 .86 .92 
AX144 - within daughter lines .68 .01 .38 .91 .91 .91 .53 .49 .58 .56 .70 .75 .92 .73 .90 
Table 15, (continued) 
Protein Oil PS® EL^ 
Environment Environment Environment Environment 
Population 4 5 6~ 4 5 6 4 5 6 3 "S 6 
AX143-AX144 - all lines ,82 .83 .83 .83 .79 .80 .80 .79 .73 .82 .70 .69 
AX143 - all lines .83 .84 .83 .85 .83 .84 .77 .79 .77 .74 . 65 . 66 
AX144 - all lines .81 .81 .83 .81 .73 .75 .83 .78 .71 .86 .73 .71 
AX143-AX144 - maternal lines .78 .73 .75 .75 .67 .69 .72 .74 .68 . 66 .62 ,54 
AX143 - maternal lines .80 .75 .76 .74 .69 .75 .69 .72 .70 .41 .54 ,38 
AX144 - maternal lines .75 .71 .72 .76 .63 .60 .73 ,76 . 66 .77 .67 ,63 
AX143-AX144 - daughter line s .83 .86 .86 .85 .82 ,83 .81 .80 .75 .83 .72 .73 
AX143 - daughter lines .84 .87 .86 .88 ,86 .86 .77 .81 .80 .77 .68 .71 
AX144 - daughter lines .81 .84 .86 .82 .76 .79 ,85 .79 ,72 .87 .75 .75 
AX143-AX144 - among daughter pairs .87 .82 .87 .85 .79 .85 ,82 ,83 ,79 .84 .69 .80 
AX143 - among daughter pairs .89 .83 .87 .87 .85 .88 .74 .84 .78 .75 .62 .76 
AX144 - among daughter pairs .84 .81 .87 .83 .68 ,81 .88 .83 .79 .89 .74 .84 
AX143-AX144 - within daughter pairs .65 .81 .74 .76 .74 .69 .67 .62 .58 .70 ,62 .43 
AX143 - within daughter pairs .64 .83 .74 .79 .78 .74 .65 .65 .68 , 66 ,60 .49 
AX144 - within daughter pairs .66 .78 .75 .70 .70 .63 .69 .58 .44 ,74 .63 .38 
®Phenotypic score, 
^Early lodging. 
Table 16. Herltabillty estimâtes for ail characters and populations in 
soybean lines combined across environments 4, 5» a^nd 6, 1963-1964 
Population Yield 
Matur­
ity Lodging Height 
Seed 
size Protein Oil PS^ EL^ 
AX143-AX1# - all lines .56 .96 .68 .91 .91 .87 .88 .67 .77 
AX143 - all lines .49 .96 .68 .89 .92 .89 .89 .62 .76 
AX144 - all lines .62 .95 .69 .91 .90 .84 .85 .72 .79 
AX143-AX144 - maternal lines .51 .92 .67 .85 .89 ' .83 .78 .68 .70 
AX143 - maternal lines .50 .93 .64 .82 .91 .87 .81 .56 .57 
AX144 - maternal lines .52 .89 .69 .86 .86 .76 .75 .76 .75 
AX143-AX144 - daughter lines .58 .96 .71 .92 .91 .88 .90 .68 .79 
AX143 - daughter lines .49 .96 .72 .91 , .92 .90 .91 .64 .80 
AX144 - daughter lines .65 .96 .70 .93 ' .91 .86 .88 .70 .79 
AX143-AX144 -
among daughter pairs 
.55 .94 .69 .92 .88 .86 .89 .79 
AX143 - among daughter pairs .12 .95 .68 , 86 .88 .88 .90 .66 .78 
AX144 - among daughter pairs .71 .93 .70 .94 . 86 . 85 .87 .73 .79 
AX143-AX1# -
within daughter pairs .46 .95 .60 .86 .90 .83 .84 .46 .68 
AX143 - within daughter pairs .53 .95 .64 .88 .90 .87 .87 .45 .70 





With the exception of yield, all heritability estimates 
were large and varied little across environments (Table 15) . 
In contrast, heritability of yield was the lowest of all vari­
ables, and varied greatly across environments. The estimates 
for yield were greatest under conditions favorable for yield 
production (environment 4), and least for environment 5 in 
which irrigation was used to relieve moisture stress. Within 
any one environment, lodging showed higher degrees of herit­
ability than did early lodging in most populations. However, 
when taken across environments (Table 16), estimates for early 
lodging exceeded those for lodging, indicating a higher degree 
of genotype x environment interaction for lodging than for 
early lodging in these data. 
Estimates of heritability varied across the various pop­
ulations within each environment, tending to be smaller for 
maternal lines than for all lines, daughter lines, or among 
daughter pairs (Table 15). Heritability for within daughter 
pairs was variable, but was in the region of the maternal line 
estimate. With the exception of yield, populations of lines 
responded similarly across crosses. For yield, AX143 showed 
lower heritability than AX144 in all populations except within 
daughter pairs. Lower heritability for maternal lines in most 
traits was related to the restriction of variance due to 
homeostatic reactions within such lines in all environments. 
while error variances remained relatively constant across 
populations. Maternal line heritability evaluated across 
environments approached that of daughter line groups more 
closely than in individual environments. This was related to 
the lower magnitude of genotype x environment interaction 
shown for maternal lines than for daughter line groups. 
Evaluation of Selection Procedures 
Predicted genetic advance 
Twenty-three selection indices were constructed for each 
environment individually and for the combined environments. 
These indices were based on the characters: yield, maturity, 
lodging, height, seed size, protein content, and oil content. 
Economic weights for all traits except yield were equated to 
zero, while yield was weighted as 1.0. Phenotypic weights 
were computed using the estimates of phenotypic and genotypic 
variance and covariance components for the various populations 
within and across crosses in each environment and combined 
environments (Appendix Tables 37, 38, 39» and 40). The pheno­
typic weights for each index were presented for environments 
4-, 5J 6, and combined environments 4, 5» and 6 in Tables 1?, 
18, 19, and 20, respectively. Definition of the origin of 
each index ivas discussed previously. 
The magnitude of the phenotypic weights for all charac­
ters varied substantially both within and across environments. 
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Table 17. Phenotyplc weights for various indices used in the 
Fg generation, environment 4, 1963 
Index Yield Maturity Lodging Height 
Seed 
size Protein Oil 
I-O .916 .315 .182 .022 -.019 -.045 .103 
I-l .594 .314 .117 -.008 .005 -. 038 .102 
I'-l .487 .291 .097 .006 .017 -.041 .092 
1-3 .481 .279 1.614 -.124 .274 -.274 -.048 
I'-3 .497 .070 .909 -.004 .211 -.137 .119 
I*-4 .438 .033 -. 064 -.009 .260 .018 .164 
1-5 .472 .253 1.384 -.128 .337 -.495 -.323 
l'-5 .515 .007 1.124 .140 .183 -.295 -.137 
1-6 .461 .350 1.955 -.109 .148 -.051 .140 
I'-6 .529 .089 .983 -.014 .107 .289 .348 
I'-7 .307 .158 1.289 .176 -.093 .597 .980 
1-8 
.397 .277 1.863 -.118 .365 - .4oi - .086 
1-9 .424 .235 1.250 -.143 .450 -1.234 -.977 
I-IO .230 .372 2.796 -.107 .057 .534 .168 
I-ll .515 .290 1.735 -.106 .201 -.271 -.026 
1-12 .485 .277 1.568 -.132 .266 -.338 -.209 
1-13 .522 .349 1.996 -.071 .128 -.219 .237 
1-14 .422 .350 2.111 -.063 .110 -.004 .333 
1-15 .232 .473 2.808 .105 .252 .080 .328 
1-16 .510 .245 1.838 -.090 -.133 -.037 -.035 
1-17 .436 .348 1.681 -.170 .302 -.550 -.317 
1-18 .436 .319 1.396 -.256 .065 -.721 -.877 
1-19 .368 .476 2.472 -.020 .453 -.498 .318 
indicating variation among the populations for the relation­
ships among traits. However, these weights were non-standard­
ized partial regression coefficients and care should be taken 
in interpretation of their relative magnitude. In general, 
the phenotypic weight for yield remained relatively constant 
8 7  
Table 18. Phenotypic weights for various indices used in Pr, 
generation, environment 5» 1964 
Index Yield Maturity Lodging Height 
Seed 
size Protein Gil 
I-O .916 .315 .182 .022 -.019 -.045 .103 
I-l .274 .276 .058 .023 .032 -.047 .090 
I'-l .487 .291 .097 .006 .017 -.041 .092 
1-3 .363 -.007 .447 .023 .098 .085 .421 
I'-3 .497 .070 .909 -.004 .211 -.137 .119 
I'-4 .438 .033 -. o64 -.009 .260 .018 .164 
1-5 .410 -.035 .342 .143 .091 -.282 - .084 
I'-5 .515 .007 1.124 .140 .183 -.295 -.137 
1-6 .254 .004 .676 -.036 .038 .462 .699 
I'-6 .529 .089 .983 -. 0l4 .107 .289 .348 
I'-7 .307 .158 1.289 .176 -.093 .597 .980 
1-8 .187 .044 .379 .120 -.361 -.163 -.011 
1-9 .437 -.036 -.325 .151 - ,4l8 .045 .144 
I-IO -.076 .203 1.138 .072 -.358 -.189 -.282 
I-ll .404 -.012 .423 .008 .165 .123 .477 
1-12 .371 -.036 .629 .160 .283 -.440 -.295 
1-13 .355 -.018 .352 -. 04l .018 .612 .911 
1-14 .377 .079 .418 -.009 .110 .379 1.116 
1-15 -.032 .106 .659 .281 .214 -.690 - .452 
1-16 .473 .074 -.165 .014 .057 .956 2.222 
1-17 .240 -.094 .604 .049 .250 -.053 -.102 
1-18 .363 -.152 1.060 .189 .604 -.218 -.159 
1-19 .004 -.057 • 556 -.058 -.086 .028 -.349 
within and across environments. 
Index selection The 23 indices computed within each 
environment and combined environments were applied to popula­
tions of lines identified in that environment. Predicted gen­
etic advance was calculated for a 10% selection differential 
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Table 19. Phenotypic weights for various indices used in 
generation, environment 6, 1964 
Index Yield Maturity Lodging Height 
Seed 
size Protein Oil 
I-O .916 .315 .182 .022 -.019 -.045 .103 
I-l .446 .292 .095 .024 .023 - .045 .095 
I'-l .487 .291 .097 .006 .017 -.041 .092 
1-3 .499 .038 .566 -.135 - .068 -.lis .100 
I ' - 3  .497 .070 .909 -.004 .211 -.137 .119 
I'-4 .438 .033 -.064 -.009 .260 .018 .164 
1-5 .464 .032 .573 -.122 -.074 -.119 .121 
I'-5 .515 .007 1.124 .140 .183 -.295 -.137 
1-6 .529 .042 .542 -.139 -.038 -.136 .071 
I'-6 .529 .089 .983 - .014 .107 .289 .348 
I'-7 .307 .156 1.289 .176 -.093 .597 .980 
1-8 .350 .010 .266 -.127 -.361 -.058 .259 
1-9 .359 -.108 .115 -.124 .922 -.717 -.722 
I-IO .360 -.007 -.233 -.099 -.223 .218 .656 
I-ll .570 .033 .590 -.131 .011 -.131 .085 
1-12 .516 .019 .466 -.117 .038 -.041 .236 
1-13 .613 .040 .717 -.136 .013 -.242 -.078 
1-14 .432 .061 .624 -.160 -.240 .091 .490 
1-15 -.174 -.007 -.609 -.100 .379 .307 .279 
1-16 .548 .113 1.334 -.129 -.712 -.023 .470 
1-17 .442 .012 .831 -.133 .273 -.550 -.463 
1-18 .506 .022 .902 -.102 .083 -.275 .101 
1-19 .230 -.014 1.000 -.139 .579 -.933 -1.499 
in each index - population combinations, using the formulae 
presented for specific or non-specific indices where appli­
cable. Predicted genetic advance as a percentage of the 
population mean was presented for all index - population 
combinations in each environment and combined environments in 
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Table 20. Phenotypic weights for various indices used in 
F6-P7 generations, environments 4, 5» and 6, 
1963-1964 
Seed 
Index Yield Maturity Lodging Height size Protein Oil 
I-O .916 .315 .182 .022 -.019 - .045 .103 
I-l .449 .303 .102 .028 .018 -. 042 .106 
I'-l .487 .291 .097 .006 .017 - .04l .092 
1-3 .483 .106 .297 -.155 .076 -. 147 .076 
I'-3 .497 .070 .909 -. 004 .211 -.137 .119 
I'-4 .438 .033 -.064 -.009 .260 .018 .164 
1-5 .404 .098 .162 -.124 .195 -.557 -.316 
L'-5 .515 .007 1.124 .140 .183 -.295 -.137 
1-6 .511 .115 .429 -.150 -.118 .214 .226 
I'-6 .529 .089 .983 -.014 .107 .289 .348 
l'-7 .307 .158 1.289 .176 -.093 .597 .980 
1-8 .482 .051 -.127 -.102 .000 -.043 .343 
1-9 .421 .030 -.191 -.092 -.022 —. 46 0 .193 
I-IO .460 .030 .012 -.101 -.178 .493 .238 
I-ll .482 .118 .482 -.168 .083 -.192 .006 
1-12 .379 .117 .432 -.134 .252 -.617 - .441 
1-13 .526 .117 .548 -.161 -.129 .147 .199 
1-14 .421 .145 .272 -.188 .108 -.052 .400 
1-15 -.334 .280 .652 -.005 .707 -.779 — .481 
1-16 .599 .080 .082 -.143 -.220 .282 .484 
1-17 .363 .120 1.099 -.165 .079 -.398 -.497 
1-18 .461 .095 .650 -.162 .007 -.484 -.588 
1-19 .191 .191 1.874 -.155 .093 -.202 - .462 
Tables 21, 22, 23, and 24, respectively. Since the mean 
yields for the various populations within an environment were 
similar (Table 9), predicted genetic advances were directly 
comparable across index - population combinations within each 
environment and within the combined environment data. 
Table 21. Predicted genetic advance in yield (percent of population mean) for selection indices applied to populations of Fg soybean lines in 
environment 4, 1963 
Selected population 
All lines Maternal lines Daughter lines Among daughter pairs Within daughter pairs 
AX145- AX143- AX143- AX143- AX143-
Index AX143 AX144 AX144 AX143 AX144 AX144 AX143 AX144 AX144 AX143 AX144 AX144 AX143 AX144 AX144 Average 
I-O 11.3 12.7 12.0 8.9 7.8 8.4 12.5 14.8 13.7 7.5 9.5 8.5 9.4 10.8 10.1 10.5 
I-l 11.2 12.6 11.9 8.9 7.8 8.4 12.4 14.7 13.6 7.5 9.4 8.4 9.4 10.9 10.2 10.5 
I'-l 11.1 12.5 11.8 8.9 7.8 8.3 12.3 14.6 13.4 7.5 9.2 8.3 9.3 10.9 10.1 10.4 
1-3 11.8 13.4 12.7 9.4 8.9 9.1 13.2 15.4 14.3 8.0 10.1 9.1 10.1 11.4 10.8 11.2 
I«-3 11.6 13.2 12.4 9.2 8.5 8.8 12.9 15.2 14.1 7.6 10.0 8.9 9.8 11.0 10.4 10.9 
l'-4 11.1 12.6 11.9 8.8 7.8 8.2 12.4 14.8 13.6 7.3 9.6 8.5 9.3 10.6 10.0 10.4 
1-5 11.9 13.3 12.6 9.6 8.7 9.1 13.2 15.3 14.3 7.8 10.0 9.0 10.2 11.3 10.8 11.1 
I»-5 11.4 12.7 12.1 9.1 8.1 8.6 12.6 14.9 13.8 7.3 9.7 8.6 9.5 10.6 10.1 10.6 
1-6 11.7 13.5 12.6 9.1 9.1 9.1 13.1 15.4 14.3 8.1 10.1 9,2 10.0 11.4 10.7 11.2 
l'-6 11.4 13.1 12.3 8.8 8.6 8.7 12.8 15,1 14.0 7.7 10.0 8.9 9.6 10.8 10.2 10.8 
I'-7 10.3 12.3 11.3 7.5 8.3 7.9 U.6 14.1 12.9 7.8 9.1 8.3 8.1 10.5 9.3 10.0 
1-8 11.8 13.4 12.6 9.4 9.0 9.2 13.1 15.3 14.3 8.0 10,0 9.1 10.1 11.4 10,8 11.2 
1-9 11.6 12.5 12.0 9.8 7.7 8.8 12.6 14.5 13.6 6.9 9.2 8.0 10.1 10.9 10.5 10.6 
I-IO 10.2 12,9 11.6 6.7 9.6 8.2 11.8 14.4 13.2 7.6 9.6 8.7 8.9 10.6 9.8 10.2 
I-ll 11.8 13.4 12.7 9.4 8.9 9.1 13.2 15.4 14.3 8.0 10.1 9.1 10.1 11.4 10.7 11,2 
1-12 11.9 13.4 12.7 9.4 8.9 9.1 13.2 15.4 14.3 7.9 10.1 9.1 10.2 11.3 10.8 11.2 
1-13 11.7 13.4 12.6 9.3 9.0 9.1 13.1 15.4 14.3 8.0 10.1 9.2 10.0 11.4 10.7 11.2 
1-14 11.6 13.4 12.6 9.0 9.2 9.1 13.0 15.4 14.2 8.2 10.1 9.2 9.8 11.4 10.6 n . i  
1-15 10.6 12.7 11.6 7.7 9.0 8.4 12.1 14.6 13.3 8.4 9.2 8.8 8,7 11.3 9,9 10,4 
1-16 11.6 13.4 12.5 9.0 9.0 9.0 13.0 15.3 14.2 8.0 10.2 9.1 10.0 11.2 10.6 11.1 
1-17 11.8 13.3 12.6 9.5 8,8 9.1 13.1 15.3 14.2 7.8 10.0 9.0 10.2 11.4 10.8 11.1 
1-18 11.6 12.9 12.3 9.5 8.3 8.9 12.8 14.9 13.9 7.2 9.8 8.5 10.4 11.0 10.7 10.8 
1-19 11.4 13.2 12.3 9.1 8.9 9.0 12.7 15.2 14.0 8.1 9.7 9.0 9.6 11.6 10,6 11.0 
Average 11.4 13.0 12.2 9.0 8.6 8.8 12.7 15.0 13.9 7.7 9.8 8,8 9.7 11.1 10.4 10.8 
Specific indices 11.9 13.5 12.7 9.8 9.6 9.2 13.2 15.4 14.3 8.4 10.2 9.2 10.4 11.6 10.8 11.3 
Average yield 42.0 42.9 42.4 42.4 43.5 43.0 41.8 42.6 42.2 41.8 42.6 42.2 41.8 42.6 42.2 
Table 22. Predicted genetic advance in yield (percent of population mean) for selection indices applied to populations of Fy soybean lines in 
environment 5, 1964 
Selected population 
All lines Maternal lines Daughter lines Among daughter pairs Within daughter pairs 
A3il43- AX1434 AX143- AX143- AX143-
Index AX143 AX144 AX144 AX143 AX144 AX144 AX143 AX144 AX144 AX143 AX144 AX144 AX143 AX144 AX144 Average 
I-O 6.8 4.0 5.4 6.4 .5 3.1 6.8 5.8 6.4 2.8 7.5 5.2 5,8 -.2 3.0 4.6 
1-1 4.5 2.6 3.6 4.6 1.1 2.6 4.5 3.5 4.0 3,1 5.7 4.2 3.1 -.8 1.4 3.2 
I'-l 5.8 3.5 4.7 5.7 .7 2.9 5.8 5.1 5.4 3.0 7.0 4,9 4.6 -.4 2.3 4.1 
1-3 7.6 4.7 6.2 6.8 .3 3.2 7.8 6.8 7.3 2.4 8.1 5.6 7,0 ,1 3.9 5.2 
I'-3 7.5 4.5 6.0 6.6 .6 3.2 7.8 6.5 7.1 2.8 7.8 5.5 6.8 ,1 3.7 5.1 
l'-4 7.3 4.5 5.9 6.5 -• 1 2.8 7.4 6.7 7.0 2.3 8.1 5.6 6.6 .0 3.6 4.9 
1-5 7.9 3.5 5.8 6.9 .8 3.5 8.2 5.0 6.7 3.1 6.6 4.9 7.2 — • 1 3.8 4.9 
I'-5 7.8 3.8 5.9 6.8 1.0 3.4 8.2 5.4 6.8 3.1 6.8 5.0 7.1 .0 3.8 5.0 
1-6 6.5 5.0 5.7 5.8 .0 2.5 6.4 7.2 6.8 1.0 8.3 5.4 6,4 .4 3.6 4.7 
l'-6 7.2 4.7 5.9 6.4 .5 3.0 7.3 6.8 7.0 2.3 8.1 5.6 6,5 .2 3.6 5.0 
V - 7  6.0 3.6 4.8 5.6 1.5 3.1 6.2 4.8 5.5 3.3 6.4 4.9 5.0 -.6 2.5 4.2 
1-8 7.0 1.9 4.5 6.8 1.7 3.9 7.1 2.1 4.7 3.8 3.4 3.5 5.7 -.5 2.8 3.9 
1-9 7.6 3.3 5. 6 7.2 .5 3.6 7.7 4.9 6.3 2.7 6.7 4,8 6.7 -.3 3.5 4.7 
I-10 -.8 -1.8 -1.2 -. 6 3.3 1.4 -• 4 -3.7 -2.1 3.0 -4.3 — 1.0 -3.0 -.6 -1.9 -.9 
I-ll 7.6 4.8 6.2 6. 6 .1 3.0 7.7 6.9 7.3 2.2 8.2 5. 6 7.0 .1 3.9 5.1 
1-12 7.8 3.2 5.6 6.6 1.0 3.4 8.2 4.4 6.4 3.3 5.8 4.6 7.2 -.1 3.8 4.7 
1-13 6.6 5.0 5.8 6.2 -# 4 2.5 6.5 7.3 6.9 .9 8.4 5.4 6.5 .3 3.6 4.8 
1-14 7.0 4.8 5.9 6.3 .2 2.9 7.0 6.9 7.0 2.5 8.5 5.8 6.3 -.2 3.3 4.9 
1-15 3.4 -1.5 .6 2.0 2.4 2.2 4.2 -3.2 .1 4.7 -3.2 .1 1.2 -1.1 .0 .8 
1-16 6.4 4.6 5.5 5.9 -.3 2.5 6.3 6.8 6.6 2.0 8.6 5.7 5.8 -•4 3,0 4.6 
1-17 7.0 4.2 5.6 5,8 .4 2.8 7.3 6.0 6.6 1.5 7.2 4.6 7.3 .5 4,2 4,7 
1-18 7.3 3.5 5.4 5.7 .8 2.8 7.8 4.8 6.3 2.3 6.0 4.3 7.5 .2 4,0 4,6 
1-19 -1.8 1.3 -.4 -1.3 -.2 -.8 -2.0 2.0 -• 2 -3.1 .8 -1.4 .3 1.8 1.0 -.3 
Average 6.1 3.4 4.7 5.4 .7 2.8 6.2 4.7 5.5 2.4 5.9 4.3 5.4 -.1 2.9 4,0 
Specific indices 7.9 5.0 6.2 7.2 3.3 3.9 8.2 7.3 7.3 4.7 8.6 5.8 7.5 1.8 4.2 5.9 
Average yield 40.4 41.5 41.0 40.0 41.7 40.8 40.5 41.4 41.0 40.5 41.4 41.0 40.5 41.4 41.0 
Table 23, Predicted genetic advance in yield (percent of population mean) for selection indices applied to populations of Fy soybean lines in 
environment 6, 1964 
Selected population 
rs Li-l li — All lines Maternal linesi Daughter lines Among daughter pairs Within daughter pairs 
AX143- AX143- ÀX143- AX143- AX143-
Index AX143 AX144 AX144 AX143 AX144 AX144 AX143 AX144 AX144 AX143 AX144 AX144 AX143 AX144 AX144 Average 
1-0 4.9 7.0 6,0 3. 8 4. 1 4.0 5.6 8.7 7. 2 .2 7.6 4.2 6.1 3.4 4.9 5.2 
I-l 3.3 5.2 4.2 2.7 3.0 2.8 3,7 6. 6 5. 1 .3 6.0 2.9 4.4 2.7 3.6 3.8 
I'-l 3.6 5.8 4.7 3.0 3.4 3.1 4.1 7.2 5.6 .3 6.5 3.3 4.8 2.9 3.9 4.1 
1-3 6.6 8.6 7.7 5.0 5.2 5.2 7.6 10.3 9.1 .2 8.7 5.7 7.8 4.3 6.2 6.5 
I«^ 6,0 7.8 6.9 5.1 4.4 4.4 6.9 9.7 8.4 .0 8.2 4.8 7.4 4.0 5.8 6.0 
l'-4 5.9 7.9 6.9 5.1 4,6 4.3 7.0 9.7 8.4 .6 8.2 5.0 7.2 4.0 5.7 6.0 
1-5 6.6 8.6 7.7 5.0 5.2 5.2 7.6 10.3 9.1 .2 8.8 5.7 7.8 4.2 6.2 6.5 
I'-S 5.3 6,0 5,6 4.7 3.1 3.6 6.1 7.8 7.0 -1.0 6.4 3.2 7.0 3.3 5.3 4.9 
1-6 6.6 8,6 7 . 7  5.0 5.2 5.2 7.6 10.3 9.1 .3 8.7 5.6 7.8 4.4 6.2 6.6 
I'-6 5.8 7.8 6.8 4.4 4.5 4.2 6.8 9.5 8.2 .5 8.2 5.0 7.0 3.7 5.5 5.9 
V - 7  2.1 2.4 2.3 .6 1.4 1.2 2.6 3.4 3.0 .0 3.7 1.9 3.3 .2 1.9 2.0 
1-8 6.2 8.2 7.3 4.0 5.3 5.4 6.9 9.7 8.4 -.1 8.7 5.6 7.4 3.4 5.6 6.1 
1-9 5.0 6.9 5.9 6,6 3.1 3.3 5.9 8.6 7,3 .3 6.5 3.6 6.6 5.0 5.9 5.4 
I-10 6.1 8.1 7.2 3.9 5.5 5.2 7.0 9.6 8,4 .6 8.6 5.6 7.3 3.1 5.4 6.1 
I-ll 6.6 8,6 7.6 5,1 5.2 5.1 7.6 10.3 9.1 .3 8.7 5.6 7.8 4.4 6.2 6.5 
1-12 6.6 8.5 7.6 5.1 5.2 5.1 7.6 10.3 9.1 .4 8.7 5.6 7.8 4.2 6.2 6.5 
1-13 6.6 8,5 7.6 5,2 5.1 5.1 7.6 10.3 9.1 .1 8.7 5.5 7.8 4.5 6.2 6.5 
1-14 6.5 8.4 7,5 4.3 5.4 5.3 7.4 10.0 8.8 .5 8.8 5.8 7.6 3.7 5.8 6.4 
1-15 -3.1 —2, 8 -2.9 -1,4 -1.8 -2.9 -2.8 -3.6 -3.2 2.3 -3.7 —• 8 -4.9 -,9 -3.0 -2.4 
1-16 6.1 8.1 7.2 3.4 5.1 5.2 6.8 9.7 8.4 -.6 8.9 5.6 7.3 3.1 5.4 6.0 
1-17 6,2 8.2 7.3 5.9 4.4 4.7 7.1 10.1 8.7 8.2 5.0 7.6 5.0 6.4 6.3 
1-18 6,6 8.5 7.6 5.4 5.0 5.0 7.5 10.2 9.0 .0 8.6 5.5 7.8 4.3 6.2 6.5 
1-19 4,4 6.3 5.3 5.8 2.2 3.0 4.8 8.1 6.5 -.2 5.4 2.9 5.8 5.5 5.6 4.8 
Average 5.2 7,0 6.2 4.2 4.1 4.0 6.0 8.6 7.4 .2 7.3 4.5 6.4 3.6 5.1 5.3 
Specific indices 6.6 8,6 7.7 6.6 5.5 5.4 7.6 10.3 9.1 2.3 8.9 5.8 7.8 5.5 6.4 6.9 
Average yield 33.0 33.8 33.4 33.2 33.6 33,4 32.9 33.9 33.4 32.9 33.9 33.4 32.9 33.9 33.4 
Table 24. Predicted genetic advance in yield (percent of population m ean) for selection indices applied to populations of Fg-Fy soybean lines 
combined over environments 4, 5, and 6, 1963-1964 
Selected population 
All lines Maternal lines Daughter lines Among daughter pairs Within daughter pairs 
sms"- AX143- — A^43- AX143-
Index AX143 AX144 AX144 AX143 AX144 AX144 AX143 AX144 AX144 AX143 AX144 AX144 AX143 AX144 AX144 Average 
I-O 5.2 6.8 6.0 4.7 4.7 4.7 5.6 7.9 6.7 2.2 7.1 4.8 5.1 3.6 4.3 5.3 
I-l 4.6 5.8 5.1 4.0 4.1 4.0 4.9 6,6 5.7 2.7 6.0 4.2 4,0 3.4 3.7 4.6 
I'-l 4.8 6.2 5.4 4.2 4.4 4.2 5.2 7.2 6.1 2.6 6.4 4.4 . 4.4 3.5 3.9 4.9 
1-3 5.8 7.6 6.8 5.2 5.0 5.1 6.2 8.9 7.6 1.6 7.9 5.4 5.9 4.0 5.0 5.9 
l'-3 5.5 7.2 6.4 5.0 4.6 4.8 5.9 8.4 7.2 1.6 7.4 5.0 5.7 3.7 4.7 5.5 
I'-4 5.5 7.3 6.4 5.0 4.8 4.9 5.8 8.4 7.2 1.6 7.6 5.0 5.5 3.5 4.6 5.5 
1-5 5.9 7.2 6.6 5.3 4.5 4.9 6.4 8.4 7.4 2.2 7.4 5.1 5.9 3.8 4.9 5.7 
I'-5 5.1 5.9 5.5 4.7 3.7 4.2 5.4 7.0 6.2 1.3 6.2 4.0 5.3 3.0 4.2 4.8 
1-6 5.4 7.7 6.7 4.8 5.1 5.0 5.7 8.9 7.5 1.0 7.9 5.3 5.8 4.0 4.9 5.7 
l'-6 5.1 7.3 6.3 4.5 4.8 4.6 5.6 8.5 7.2 1.2 7.5 5.0 5.4 3.8 4.6 5.4 
I'-7 3.2 4.8 4.0 2.6 3.1 2.9 3.6 5.6 4.6 1.8 4.9 3.4 2.9 2.7 2.8 3.5 
1-8 5.6 7.6 6.7 5.4 5.0 5.2 5.9 8.8 7.4 1.3 7.9 5.3 5.7 3.6 4.7 5.7 
1-9 5.5 6.8 6.2 5.6 4.3 5.0 5.6 8.0 6.9 1.5 7.4 5.0 5.4 3.0 4.3 5.4 
I-10 4.7 7.6 6.3 4.3 5.2 4.8 5.0 8.8 7.1 .4 7.8 5.0 5.4 3.8 4.6 5.4 
I-11 5.8 7.6 6.8 5.2 5.0 5.0 6.2 8.8 7.6 1.6 7.8 5.4 6.0 4.0 5.0 5.8 
1-12 5.9 7.1 6.5 5.2 4.4 4.8 6.4 8.3 7.4 2.3 7.3 5.1 5.9 4.0 5.0 5.7 
1-13 5.4 7.7 6.7 4.9 5. 1 5.0 5.8 8.9 7.5 1.0 7.9 5.3 5.8 4.0 4.9 5.7 
1-14 5.6 7.6 6.7 5.1 4.9 5.0 6.0 8.8 7.5 2.0 7.8 5.4 5.8 4.0 4.9 5.8 
1-15 .4 -4.0 -1.8 -1.8 -3.4 -2.6 1.2 -4.5 -1.7 4.3 -6.3 -1.7 -1.6 .6 -.6 -1.6 
1-16 5.3 7.7 6.6 5.1 5.1 5.1 5.6 8.9 7.4 .7 8.0 5.3 5.7 3.7 4.7 5.7 
1-17 5.5 7.4 6.5 4.7 4.5 4.6 6.1 8.6 7.4 1.5 7.5 5.1 6.0 4.2 5.1 5.6 
1-18 5.7 7.4 6.6 5.1 4.6 4.9 6.1 8.6 7.5 1.3 7.6 5.1 6.0 4,0 5.0 5,7 
1-19 4.3 6.7 5.6 2.7 3.8 3.3 5.1 7.9 6.6 1.7 6.5 4.4 5.0 4.5 4.7 4.8 
Average 5.0 6.6 5.8 4.4 4.2 4.3 5.4 7.6 6.6 1.7 6.7 4.6 5.1 3.6 4.3 5.1 
Specific indices 5.9 7.7 6.8 5.6 5.2 5.2 6.4 8.9 7.6 4.3 8.0 5.4 6.0 4.5 5.1 6.2 
Average yield 38.5 39.4 38.9 38.6 39.6 39.1 38.4 39.3 38.9 38.4 39.3 38.9 38.4 39.3 38.9 
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As expected by definition and from the method of index 
construction, the specific index for each population predicted 
greater genetic advance in that population than did any other 
non-specific index (Tables 21, 22, 23» and 24). However, with 
few exceptions, the differences among indices constructed from 
AX143 or AX144 and applied to the same population were small. 
This indicated that the parameter estimates used to derive the 
various indices were similar, both across and within the vari­
ous populations of lines in these crosses. These data sug­
gested that the two closely related crosses performed simi­
larly within any one of these environments and across these 
environments. Exceptions to this generality occurred in envi­
ronment 5 (Table 22) for indices I-IO and 1-19» derived from 
the AX144 maternal and within daughter pairs populations, re­
spectively. Both populations revealed unusually low herit-
ability for yield in this environment (Table 15). Consequent­
ly, genetic advance predictions for these populations, and for 
indices derived from them, deviated widely from the average 
for each population. However, in most cases, parameter esti­
mates were interchangeable between crosses and between mater­
nal and daughter lines without great loss of efficiency in 
selection. 
A further difference among the crosses was for indices 
1-15 and I-l6, which were generated from among daughter pairs 
data in AX143 and AX144, respectively. I-l6 was apparently 
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quite compatible with all populations of lines except for 
AX143 amontr daughter pairs in all environments. This sug­
gested that relationships among traits in this population 
were similar to those in all other copulations except AX14-3 
among daughter pairs. In contrast, I-I5 resulted in negative 
or small positive predictions of genetic advance for all popu­
lations except its source population in environments 5» 6, and 
combined environments 4, 5, and 6 (Tables 22, 23, and 24). 
For environment 4 (Table 21), estimates of genetic advance 
were only slightly smaller than those from other populations 
of lines in these crosses. These data suggested that rela­
tionships among traits for AX143 among daughter pairs were 
markedly different from those of all other populations, and 
that these differences were accentuated in environments 5 and 
6. 
Indices designated by I'- were computed for these 
crosses or related material in the generations (Cald­
well, 1963). Deviation of predicted genetic advance for these 
indices from that of comparable indices computed in the or 
Fy generations would indicate that genetic drift had occurred 
in this material, or that non-random lines were eliminated in 
the F^ generation. Comparable indices were 1-3 vs. I*-3, 1-5 
vs. I'-5, and 1-6 vs. I*-6. In all environments individually 
and in the combined environments, genetic advance for indices 
computed in the F^^F^ generations of this material were gen­
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erally equal or only slightly inferior to the indices computed 
in the F5 or Fr^ generations. Differences were small, indicat­
ing that parameter estimates in early generation studies were 
reasonably applicable to later generation material. 
Indices I*-4 and I'-7 were computed from the P^-P^ data 
for the crosses AXI^H and ÀX1^8, respectively. These crosses 
were relatively closely related to iiX1^3 ard ^Xl44 in parent­
age. Estimates of predicted genetic advance indicated that, 
on the average across populations, parameter estimates for 
AX141 in the P^-Py generations were reasonably homogeneous 
with those for JiXl43-AZl44 in the P5 and Pr, generations. How­
ever, in all environments, the genetic advance predicted using 
the AX148 index was considerably lower than for all other in­
dices, These data were in agreement with Caldwell (I963), who 
indicated that the parameter estimates for ÀX148 deviated 
somewhat from those of the other crosses. The reason for 
this was not knovm. In general, however, parameter estimates 
in the P^-P^ generations were apparently reasonably homo­
geneous with those in the P^ and Py generations, and were not 
biased by random line selection in the P^ generation. 
General indices I-O, I-l, and I'-l were constructed from 
the general population data alone, general population data 
adjusted for heritability of traits in AX143-AX144 for the 
test environment, and general population data adjusted for 
heritability of traits in AX141-AX148 for the P^-P^ genera-
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tlons, respectively. In all environments individually and in 
the combined environments, the completely general index, I-O, 
resulted in the highest predicted yield advance of all general 
indices, while the general index adjusted for heritability in 
the environment of test was the least efficient of all general 
indices. These data indicate that the adjustment of general 
parameters for heritability in the particular population of 
Interest ^vas not desirable. This was in contrast to a sugges­
tion by Caldwell (I963). On the average across all popula­
tions, the general index, I-O, was less efficient in terms of 
predicted genetic advance for yield than most of the average 
or specific indices considered in any test environment. How­
ever, the differences were small, and it was apparent that the 
general index was a relatively close approximation to the 
parameters in these specific populations. 
Average predicted genetic advances over all indices for 
the various populations indicated that the two crosses re­
sponded differentially to selection in all test environments 
(Tables 21, 22, 23, and 24). Predicted advance for all lines 
was that for the entire population of lines in a cross, and 
indicated that AX144 responded more to selection than did 
AX143 in environments 4, 6, and combined environments 4, 
and 6, The same trend was apparent in the daughter line 
populations in these environments. In contrast, genetic 
advance for maternal lines was greater in AXlA-3 than for AX144 
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in all cases. Further, with the exception of environment 4, 
selection among daughter pairs was invariably &ore efficient 
in AX144 than for AX1^3» while the reverse situation applied 
to selection within daughter pairs in these crosses. These 
data indicated that predicted response to selection was a 
function of the cross involved and the type of population 
undergoing selection. 
However, predicted genetic advance was invariably greater 
for daughter lines than for maternal lines in these data, 
while selection among or within daughter pairs was generally 
similar in efficiency to maternal line selection. These data 
suggested that the optimum method of selection in this mate­
rial was to do so among daughter lines rather than among 
maternal lines. Family selection on the basis of the average 
performance of a pair of daughter lines was approximately as 
efficient as maternal line selection, while substantial pre­
dictions of genetic advance were possible from selection 
within daughter pairs. This pattern of response may be relat­
ed to the degree of heterogeneity within lines, and its 
effects on variance among lines. Greater heterogeneity of 
maternal lines resulted in lower variance estimates on a mean 
line basis, and hence, a lower response to selection. 
Correlated selection Predicted genetic advance in 
yield was calculated, using the formula for direct truncation 
selection or for truncation selection of correlated traits. 
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for all nine agronomic and chemical characters. The results 
were summarized in Tables 25, 26, 2?, and 28 for environments 
4, 5» 6, and 4, 5> and 6 combined, respectively. 
In all environments, predicted genetic advance in yield 
was greater using selection of yield itself than for any other 
character. The importance of the other traits varied across 
environments. All traits except height and chemical composi­
tion were reasonably effective in yield selection for environ­
ment 4 (Table 25). However, with the exception of plant 
height in environment 6, none of the correlated characters in 
environments 5 and 6 was of particular value in yield selec­
tion. The low value of these traits in environments 5 and 6 
was related tc the generally low degree of association of the 
traits with yield in these environments. In the combined data 
across environments (Table 28), early lodging and plant height 
were by far the most useful of these traits in yield selec­
tion. 
The pattern of average predicted genetic advance for the 
various populations within crosses was similar to that of the 
selection indices. This may be related to the degree of 
heterogeneity within lines of the various groups. 
Actual yield advance 
Actual yield advance was obtained in each environment 
individually and for combined environments by identifying the 
lines selected by the various techniques and evaluating their 
Table 25. Predicted genetic advance in yield (percent of population mean) for truncation selection of single agronomic and chemical traits of 




All lines Maternal lines Daughter lines Among dauRhte :r pairs Within daughter pairs 
AX143 AX144 
AX143-




AX144 AX144 AX143 AX144 
A%43-
AX144 AX143 AX144 
AX143-
AX144 Average 
Yield 11.1 12.5 11.8 8.8 7.6 8.2 12.3 14.7 13.6 7.1 9.7 8.5 9.3 10.3 9.8 10.4 
Maturity 6.7 5.9 6.3 4.4 3.2 3.8 7.5 6.7 7.1 5.6 .4 3.3 5.2 8.1 6.4 5.4 
Lodging 5.8 9.5 7.7 2.4 7.6 5.2 7.1 10.4 8.9 3.8 8.4 6.4 5.8 5.6 5,7 6.7 
Height .6 2.9 1.4 .5 1.7 1.2 .4 3.8 1.9 1.6 4.9 2.3 .7 . 1 .3 1.6 
Seed size 3.4 4.5 4.0 2.3 4.0 3.2 4.1 4.9 4.5 2.8 1.7 2.2 2.9 4,9 4.0 3.6 
Protein 1.4 1.7 . 1 3.8 4.3 .1 .3 1.0 .3 .6 1.8 1.1 1.0 .4 .7 1.2 
Oil .3 .9 .6 1.2 1.3 .0 .2 1.4 . 6 1.2 .8 1.0 1.4 1.1 .2 .8 
PS^ 9.0 10.1 9.6 3.6 7.9 6.0 9.6 12.0 10.8 4.8 8.2 6.6 8.0 8.2 8.1 8.2 
EL'' 8.2 10.6 9.5 3.3 7.9 6.0 10.1 11.9 11.0 5.0 8.3 6,8 8.4 8.1 8.2 8.2 
Average 5.2 6.5 5.7 3.4 5.0 3.7 5.7 7.4 6.5 3.6 4.9 4.3 4.7 5.2 4.8 5.1 
Average yield 42.0 42.9 42.4 42.4 43.5 43.0 41.8 42.6 42.2 41.8 42.6 42.2 41.8 42.6 42.2 
^Phenotypic score. 
''Early lodging. 
Table 26. Predicted genetic advance in yield (percent of population mean) for truncation selection of single agronomic and chemical traits of 




All lines Maternal lines Daughter lines Among daughter pairs Within daughter pairs 
Avera AX143 AX144 
AX143-
AX144 AX143 AX144 
AX143-
AX144 AX143 AX144 
AX143-
AX144 AX143 AX144 
AX143-
AX144 AX143 AX144 
AXI43-
AX144 
Yield 7. S 4. 4 6.0 6.8 .0 3.1 7.6 6,6 7,1 2. 1 8.0 5.4 6.9 2 3,8 5.0 
Maturity .2 
• 
6 .3 .0 .0 .6 ,0 1,3 ,6 2. 4 ,8 1.1 2.1 1, 0 1.6 ,8 
Lodging 1.2 2, 1 1.7 . 2 .0 1. 1 1,8 2,0 1.9 
• 
4 1,6 1,0 2.0 1, 1 1,5 1.3 
Height 3.8 1, 0 1.0 2,8 ,0 2.2 4,4 2. 3 ,5 4. 2 2. 1 .3 2. 1 1, 1 .4 1.9 
Seed size .4 1. 4 .9 1.8 .0 1.2 1,2 2, 1 1,6 8 3.0 2.0 .8 
• 
1 .4 1. 2 
Protein 2,9 1, 4 .8 2,0 .0 1.2 3,3 2, 2 ,6 2, 9 2,5 . 2 1.7 • 5 .7 1.5 
OU 2.6 1, 2 1.9 1.9 ,0 .9 2,6 1.8 2. 2 1. 9 3,5 2.6 1.8 • 8 ,6 1.7 
PS^ 1. 2 2. 0 1,7 ,6 ,0 .4 1,5 2. 7 2.1 1 2, 7 1.3 2.2 8 1.5 1.4 
EL^ .8 1. 6 1,2 1.4 ,0 .6 1,8 2, 1 2,0 1, 8 1, 1 1.4 ,7 1, 7 1. 2 1, 3 
Average 2. 3 1, 7 1.7 1.9 ,0 1. 2 2,7 2. 6 2,1 1. 8 2.8 1.7 2,2 8 1.3 1,8 
Average yield 40,4 41. S 41.0 40.0 41.7 40.8 40,5 41,4 41.0 40. 5 41.4 41.0 40,5 41, 4 41.0 
^Phenotypic score. 
''Early lodging. 
Table 27. Predicted genetic advance in yield (percent of population mean) for truncation selection of single agronomic and chemical traits of 




All liner Maternal lines Daughter lines Among daughter paitr Within daughter pairs 
Average AXI43 AXI44 
AXI43-





AX144 AX143 AX144 
AX143-
AX144 AX143 AX144 
AXI43-
AX144 
Yield 6.3 8. 1 7, 2 4.6 4.9 4.8 7. 3 9,9 8, 7 0,0 8.4 5.2 7.5 4, 0 5.9 6. 2 
Maturity 1.0 1.4 1, 2 1.4 1.6 1.5 1. 1 1. 3 1. 2 0,0 2.4 ,8 1. 7 2 .8 1, 2 
Lodging .7 ,6 
• 
6 .6 1.0 . 2 ,8 1.3 1. 0 0,0 1.8 ,6 1.8 
-
2 .8 .8 
Height 2.8 5. 2 4. 1 2.9 2.9 2.8 3. 1 6.0 4. 8 0.0 5.7 4,0 2.8 2, 4 2.6 3.4 
Seed size .2 1.1 • 6 2,6 2,0 2.3 .7 ,7 • 1 0.0 3.8 ,9 . 1 1. 8 .8 1, 2 
Protein 1.7 . 2 1. 0 2.4 . 2 1.4 1.5 . 3 • 9 0,0 . 7 , 2 2.8 . 3 1.3 1,0 
Oil 1.4 1. 1 1. 3 .9 1. 7 1.3 1,8 . 9 1. 4 0,0 3.9 1,9 2,3 2, 5 .0 1,5 
ps" .3 .4 
• 
4 ,3 1,0 ,4 ,4 .9 
• 
7 0.0 . 8 ,4 .6 
. 
4 .5 ,5 
EL^ 1.0 .9 1. 0 ,2 ,5 ,4 1.4 1.5 1. 4 0,0 1.4 ,8 1,8 
' 
5 1. 2 .9 
Average 1.7 2, 1 1. 9 • 1.8 1.8 1.7 2,0 2.5 2. 2 0,0 3. 2 1,6 2.4 1. 4 1.5 1,8 
Average yield 33,0 33.8 33. 4 33.2 33.6 33.4 32,9 33,9 33, 4 32.9 33.9 33.4 32.9 33, 9 33.4 
•Phenotypic score. 
''Early lodging. 
Table 28. Predicted genetic advance in yield (percent of population mean) for truncation selection of single agronomic and chemical traits of 
Fg-Fy soybean lines combined over environments 4, 5, and 6, 1963-1964 
Selected popWation 
All lines Maternal lines daughter lines Among daugliter pairs Within daughter pairs 
Selected SXRT- AM43- A%4S_ 
character AX143 AX144 AXI44 AX143 AX144 AX144 AX143 AX144 AX144 AX143 AX144 AX144 AX143 AX144 AXI44 Average 
Yield 5,4 7. 3 6.4 S, 1 4.9 5,0 5,7 8,5 7, 2 ,8 7. 7 5,0 5,6 3. 3 4.5 5.5 
Maturity 2,0 1.0 1,5 .4 .9 ,6 2,5 1.0 1,8 3. 2 1,3 1,3 ,5 2, 2 1,3 1.4 
Lodging .5 3. 1 1. 8 ,8 , 8 , 1 1- 1 4. 2 2,7 ,8 3.3 1.5 2, 3 2.4 2,3 1.9 
Height ,5 4. 1 2. 5 1.0 1,8 1.4 ,6 5. 2 3, 2 1.6 5,0 2.5 1,9 2.0 1,9 2.4 
Seed size 1,4 1. 2 1, 3 , 5 ,4 ,0 2. 1 1.4 1,8 2.0 ,0 1.0 1,0 1,9 1.4 1, 2 
Protein 2,3 1,9 ,3 3.7 2, 1 1,0 1,9 1.9 , 1 1. 7 1,4 , 2 1,0 1, 3 ,0 1,4 
Oil 1,0 ,6 .8 2.9 ,2 1,4 ,5 , 9 .7 1, 2 2.6 1.8 . 4  1. 2 .8 1, 1 
PS® ,1 3, 1 1,6 1.1 1,6 ,4 ,7 3,8 2,3 .6 3,5 1,6 1,7 1. 3 1.5 1.6 
EL^ 2,4 4. 1 3, 3 .4 1. 1 ,8 3,4 5,3 4,4 .3 3,6 2. 2 4, 2 3.7 4.0 2.9 
Average 1,7 2,9 2, 2 1.8 1,5 1-2 2,0 3,6 2,7 1,4 3, 2 1.9 2, 1 2. 1 2.0 2.2 




performance over environments 4, 5» and 6. For index selec­
tion, this involved computation of the index value for each 
line in the test environment, sorting in order of magnitude, 
identifying the lines within the 10>t selection differential, 
and evaluating the mean performance of that group of lines in 
the combined environments data. For simple selection using 
correlated traits, lines were sorted into rank order of that 
character, and the mean yield performance of the 10.^ selection 
differential obtained for environments 4, 5i and 6. In all • 
cases, actual yield advances for the selected groups were 
expressed as a percentage of the population mean across envi­
ronments, and were directly comparable within and across envi­
ronments of selection. 
Index selection Actual yield advance was obtained for 
23 indices applied to each of the environments individually 
and for the combined environments. The results were summarized 
in Tables 29» 30, 31, and 32 for environments 4, 5» 6, and 
combined environments 4, 5» and 6, respectively. 
The ultimate criterion for evaluation of selection pro­
cedures is the actual advance obtained as a result of their 
use. Predicted advance is an estimate of this value, but will 
deviate more or less from the true actual advance. Possibly 
the major factors causing lack of agreement of predicted and 
actual yield advances will be errors of estimation of the 
relationships among traits and the presence of genotype x 
Table 29, Actual yield advance (percent of population mean) for soybean lines selected by indices in the Fg generation (environment 4) and 
evaluated over environments 4, 5, and 6, 1963-1964 
Selected population 
All lines Maternal lines baughter lines Among daughter pairs 
SXIÏT- AX143- AX14S- ® AmS-
Index AX143 AX144 AX144 AX143 AX144 AX144 AX143 AX144 AX144 AX143 AX144 AX144 Average 
I-O 7.7 9,6 9, 2 8,3 6.4 7,6 7, 1 11.4 9.4 4,0 9.5 8,0 8. 2 
1-1 7. 3 9,6 8,7 8,3 6, 2 7,0 6,5 11,4 9.4 4.0 9.6 7,6 8.0 
I'-l 7, 3 9.4 8.4 8,3 6,4 7,0 6,0 11,4 9. 2 4.0 9.6 7,6 7.9 
1-3 7,6 9,0 8.4 8,9 5,6 7,4 7. 1 11.0 9. 1 4,6 8.2 6,0 7.7 
I'-3 8,2 9,3 9, 2 9,3 5,7 8,5 7.5 11, 2 9.7 6,8 9.5 8, 2 8.6 
I'-4 8,9 9.0 9,6 8. 9 5,4 8,3 8,4 11.4 10.9 7.8 9. 1 9,4 8.9 
1-5 7,6 9,0 8,4 9, 1 6, 7 8, 2 7.1 10.8 9.0 6. 1 7, 7 6, 1 8.0 
I'-S 8,2 9,4 9, 6 9,5 6,2 8,1 7.6 11. 2 10.4 6.3 8. 1 8,0 8.6 
1-6 7,7 9, 1 8,4 8, 1 5,4 6, 8 7. 2 10. 2 8.7 4.6 8. 2 6.0 7.5 
I'-6 8, 1 9,6 8, 9 8,9 5.8 7,6 7.6 11.4 9.5 5,6 10,4 8,2 8.5 
V - 7  4.9 7,6 6.6 6.4 4,4 5.4 4.6 9.0 7,4 3,6 6.6 5.7 6.0 
1-8 7,8 7,9 7,9 7,5 5,4 6,5 7.3 9.4 8,4 5.0 8, 2 6.6 7. 3 
1-9 7,5 7,8 7,6 9.1 6, 8 7,4 7.4 9. 2 8,3 6.0 7.6 6.9 7.6 
I-10 2,6 3,0 3, 1 1,8 1,6 1,3 1.8 5.0 2.6 1.0 3. 1 .2 2. 2 
1-11 7,8 9,4 8, 5 8,9 5,6 7.4 7.1 11.0 9.1 4.6 8. 2 6,6 7.8 
1-12 7,7 9,0 8,5 8.9 6.7 7,4 7.1 10,8 9.0 4,6 8,2 6,0 7.8 
1-13 8,0 9,0 8.5 9.1 5.4 7,5 7.3 11,0 9, 1 4,6 8, 2 6,3 7.8 
1-14 7.6 8. 1 7,8 7. 1 4,3 6,3 7. 2 9,6 8.4 3.9 8, 2 5.7 7.0 
1-15 1, 8 2.2 2, 3 .4 ,5 1,0 2.5 4,0 2,8 ,2 1.6 1.4 1.7 
1-16 7,9 9.4 8.7 9,5 5.6 7,6 7. 1 10.9 9, 2 4,9 10. 1 6.9 8. 2 
1-17 7,6 8. 2 7.7 8. 3 5,4 7, 1 7. 1 9. 7 8.4 4. 3 8. 2 6,2 7.4 
1-18 7, 3 8.4 8. 2 9. 1 5.0 6.7 6,6 10.0 8.3 5.6 7.6 6,4 7,4 
1-19 4, 2 4,5 4. 2 4,9 3. 2 3.5 4.3 5.5 5.9 3. 1 6. 2 4,0 4,4 
Average 7,0 8, 2 7. 8 . 7.7 5, 2 6, 6 6.5 9. 8 8.4 4.6 7.8 6.2 7, 2 
Specific indices 7,6 9, 1 8.4 9, 1 1, 6 6,5 7. 1 11.0 9. 1 ,2 10, 1 5,7 7, 1 
Average yield 38, 5 39,4 38,9 38.6 39,6 39, 1 38.4 39. 3 38.9 38.4 39. 3 38.9 
Table 30, Actual yield advance (percent of population mean) for soybean lines selected by indices in the Fy generation (environment S) and 
evaluated over environments 4, 5, and 6, 1963-1964 
Selected population 
Index 
All lines Maternal lines Daughter lines Among daughter pairs 
Avera AX143 AX144 
AX14S-
AX144 AX143 AX144 
AX143-




AX143 AX144 AX144 
1-0 7,4 8.4 8. 2 7.8 5.9 6.0 8. 3 9.3 9.0 5.9 6.6 6.3 7.4 
I-l 5, 2 6.5 6.0 5.8 4. 8 4.8 5.9 7. 8 7.0 3.0 6.9 5. 1 5. 7 
I'-l 7.2 7.8 8. 2 7,6 4,8 6,0 8, 1 8.8 8.8 3. 1 7.4 6. 1 7.0 
1-3 6,8 9.4 8,6 7.5 6. 6 6.8 7,7 10.9 9.4 4.6 9. 2 8. 1 8.0 
I«-3 7.9 9.2 8.9 6,9 5.6 7. 1 8.5 10.0 9.8 7.0 7.6 7.7 8.0 
I'-4 7.8 9,5 9. 2 8.6 6.4 7.6 8.3 10.9 10.0 5.8 9. 1 7.9 8.4 
I-S 6.6 6.2 7.0 7.8 5. 1 6,0 6,2 6.5 7.3 4.4 5.8 5.8 6.2 
I'-5 7,0 6,6 7. 2 7.8 5,8 6.6 7.0 7. 5 7.6 4,3 6.8 5.6 6.6 
1-6 6,7 9,4 8.0 4,7 6.0 6. 1 5,8 10.6 8.8 4.7 9. 7 7.9 7.4 
I'-6 7,5 9. 2 8,6 6,3 6. 3 6,4 8,0 10,0 9,5 5.7 7. 1 7.7 7. 7 
V - 1  4,3 4,8 4.7 4.3 4.0 5.6 4,5 5.3 4.4 .8 5.5 3.9 4. 3 
1-8 5.2 4.8 5. 1 6. 1 4.3 5.0 5.7 4.8 5.5 3.2 5, 1 4,5 4.9 
1-9 5.2 6.7 7.0 4.8 5. 8 6.0 5,3 6. 8 7, 3 4.1 6, 6 6.6 6.0 
I-10 -3.6 -1. 1 -3. 3 -4. 1 -. 5 -3.0 -3. 5 -. 9 -2, 3 -1.3 -1. 2 -1. 2 -2. 2 
I-ll 6,9 9.6 8.6 7.5 6.4 6.8 7. 2 11. 2 9,8 4.6 9, 2 8.5 8.0 
1-12 7, 1 5,8 6,5 7.3 3, 3 5.9 6,3 7. 1 7,0 4.8 4.5 5.4 5.9 
1-13 6,0 10,2 8. 3 6,4 6, 2 6.9 6. 1 11. 3 9.7 4.3 10.0 8.4 7, 8 
1-14 7.2 9,6 8.3 5.8 5,9 6.4 8.0 11.4 9.4 5.4 9.0 7.7 7.8 
1-15 . 2 -2,6 -1,7 -3, 3 -1.4 -2.0 1.5 -4.0 -1.1 2.0 -3. 6 -2.5 -1.5 
1-16 5.7 9.7 8, 2 5.9 7. 1 6.8 6. 1 10.7 9. 2 4.0 9.5 8.2 7.6 
1-17 7.0 7,3 6.8 7,5 5.0 6.7 6.6 8.6 7.6 5.0 8. 1 6.5 6.9 
1-18 6,4 6.0 6. 5 6.7 4.0 4.6 6.4 6. 1 6. 2 4.6 4.5 4.2 5.5 
1-19 -2, 5 .8 -1. 3 -.9 -. 1 -1, 1 -4. 2 1.6 -2. 3 -3.4 3. 3 -2.4 -1.0 
Average 5,5 6.6 6. 2 5.4 4. 7 5. 1 5.6 7.5 6.8 3.7 6.4 5.5 5.8 
Specific indices 6.6 9.4 8.6 4.8 -.5 5,0 6. 3 11. 3 9.8 2.0 9.5 7.7 6.7 
Average yield 38.5 39,4 38. 9 38,6 39.6 39, 1 38.4 39.3 38,9 38.4 39, 3 38.9 
Table 31, Actual yield advance (percent of population mean) for soybean lines selected by indices in the Fj generation (environment 6) and 
evaluated over environments 4, 5, and 6, 1963-1964 
Selected population 
All lines Maternal lines Daughter lines Among daughter pairs 
AX14S- AX143- AXl43- AX143-
Index AX143 AX144 AX144 AX143 AX144 AX144 AX143 AX144 AX144 AX143 AX144 AX144 Avera 
I-O 8.8 9,8 9, 1 7.0 7.4 8. 1 9,5 11.0 9,7 5,8 9.8 10, 1 8. 8 
I-l 6,9 8,8 8, 0 5,6 6, 1 5,7 7,6 9. 2 8.8 6,4 8,7 8,0 7.5 
I'-l 7. 1 9, 1 8, 2 5.0 6. 1 5,7 7,4 10. 7 8,9 6.4 9. 3 8.3 7. 7 
1-3 8, 3 8,9 8,5 7, 3 4. 9 7,0 9,8 10. 9 10. 1 8, 2 8. 2 9, 2 8.4 
I'-3 8,9 8,5 9.0 8. 1 6, 1 7,8 9,5 10. 0 9.6 7,3 9.8 9,8 8.7 
r-4 8, 9 8, 8 9, 2 7,4 6,0 7. 2 9, 2 10. 6 10. 1 7,5 10.4 10,5 8,8 
I-s 8.3 8.8 8.3 7. 3 4,9 6,9 9.8 10. 9 9.9 8, 2 8.2 9,0 8.4 
I'-S 8. 3 6.6 7.7 8, 3 6,5 7,0 8,0 6. 5 8. 1 7,0 5.4 7,8 7. 3 
1-6 8, 3 8.8 8.6 6,4 4,9 7,0 9. 2 10. 9 10. 2 8.2 8. 2 8.4 8. 2 
I'-6 8.0 9. 1 8.4 5,9 6,0 7.6 9.4 10. 8 9.2 4.8 9. 8 9.6 8. 2 
V - 7  1,6 6.4 4.9 ,6 4,0 4.2 1,6 7. 5 5.4 1.0 4,0 4.9 3.8 
1-8 7.4 7.3 7. 2 6,4 4.4 5,6 7,6 9. 6 8. 2 6.2 8.0 7,0 7. 1 
1-9 6,8 7,4 5. 2 6,7 5.5 4,3 6.3 8. 8 5.1 4.9 9, 1 6,5 6.4 
1-10 7.0 8,4 7.8 6,7 4.8 4,3 7.5 9. 6 8.8 5. 3 9. 3 8.1 7.3 
1-11 8,6 8,9 8, 8 7,8 6. 1 7,0 9. 2 10. 9 10,2 8. 2 8,2 8,4 8.5 
1-12 8.7 8,9 9,0 7,6 5.4 7,0 9.4 10.9 10.1 8.1 8.2 9,2 8. 5 
1-13 8,6 8,1 8,9 7.8 6. 1 7,0 9.2 10. 9 10.2 8.2 9. 2 8,6 8.6 
1-14 7.6 9,0 8,9 5,8 4.9 5,7 7.9 11. 5 9.5 5.8 8. 2 8,1 7.7 
1-15 -5,0 -1.6 -4, 5 -5,5 -.6 -4,5 -4.7 -1. 7 -4,9 -3.2 -2.5 -3.5 -3. 5 
1-16 7, 3 7.7 7,7 5,8 4.4 6.1 8.3 9. 0 8,5 6.2 7.8 7.3 7. 2 
1-17 8,7 8,7 8,7 7,4 5, 3 6.3 9.1 8, 6 8,8 7.9 8.7 8.6 8. 1 
1-18 8. 8 8. 1 8,5 7.2 6, 1 6.9 9. 3 10, 4 9.5 8.2 8.6 9.0 8.4 
1-19 5,6 4,8 3, 2 5,5 4.4 3.3 6.6 6, 0 3.3 4,8 7,0 2.8 4. 8 
Average 7. 1 7,8 7,4 6,0 5. 2 5.8 7.7 9, 2 8.2 6, 2 7, 9 7.6 7. 2 
Specific indices 8.3 8.8 8,5 6,7 4,8 5,6 9.4 10, 9 10. 2 -3,2 7,8 8.1 7. 2 
Average yield 38-5 39,4 38,9 38,6 39.6 39, 1 38,4 39- 3 38.9 38,4 39,3 38.9 
Table 32. Actual yield advance (percent of population mean) for soybean lines selected in the Fg-Fy generations (environments 4, 5, and 6) 
and evaluated over environments 4, 5, and 6, 1963-1964 
Selected population 
Index 
All lines Maternal lines DauRhte r lines Among daughter pairs 
Averag AX143 AX144 
AX143-
AX144 AX143 AX144 
AX143-
AX144 AX143 AX144 
AXI43-
AXI44 AX143 AX144 
AX143-
AX144 
I-O 10. 4 11.4 11. 3 10. 2 8.4 9.4 10. 5 12. 8 12. 2 7.9 11, 6 10. 8 10. 6 
I-l 8. 5 10.4 9. 5 8. 5 7.0 7.6 9. 3 10, 8 10.6 4.9 9. 0 7. 6 8, 6 
I'-l 9. 3 10,6 9. 9 8.9 7.6 8,4 9. 6 12. 0 11. 2 5.9 9. 7 8. 0 9. 2 
1-3 10. 9 12. 3 11, 9 10. 3 8.9 9.8 11. 2 13. 7 13.0 8.9 12. 5 11. 7 11. 2 
I'-3 10. 7 11, 7 11, 6 10.4 8.6 9,6 10. 9 13. 4 12.6 8.4 12. 2 11. 0 10. 9 
I'-4 11. 2 12,6 12, 2 11.0 9. 1 10. 2 11. 4 14. 0 13. 2 8. 9 12. 5 11. 7 11. 5 
1-5 10. 4 11,8 10, 9 9. 8 8,4 9.0 10. 4 13. 3 12. 2 8. 3 11. 9 11. 2 10. 6 
I'-S 10. 2 11,0 10. 7 10.9 7.9 9. 2 10, 5 11. 9 11. 3 8.0 10. 2 9. 1 10. 1 
1-6 10, 7 12,4 11, 9 10. 2 8,9 9.8 10. 8 13. 8 13. 1 8.5 12. 5 11. 2 11. 2 
I'-6 9. 8 12. 2 11. 7 10. 2 7.8 9, 3 10. 3 13. 8 12.8 7.7 12, 2 10. 8 10. 7 
I'-7 5, 0 7.0 6. 6 3.9 5,5 6,8 6, 6 7, 5 6.3 3.3 9, 0 7, 1 6. 2 
1-8 11. 2 12.6 12, 1 10.8 9,4 10.4 11, 4 14. 2 13, 1 8,7 12. 5 11, 6 11, 5 
1-9 10. 4 12, 3 11. 8 10.0 9, 2 9.8 10. 4 14, 0 12.8 8. 1 12. 2 11, 6 11. 0 
I-10 11, 1 12. 3 11, 8 10. 7 8,7 9,8 11, 2 13, 9 13. 1 7,7 12. 3 11. 1 11. 1 
1-11 10. 5 12.3 11, 7 9. 8 8.9 9, 3 10, 8 13, 7 12. 9 8, 7 12. 4 11. 6 11. 0 
1-12 10, 0 11.4 10. 0 9. 8 7,7 8.8 10. 2 12. 2 10. 8 8. 3 12. 1 10. 0 10. 1 
1-13 10, 6 12.4 11. 8 10,0 8,9 9. 8 11, 0 13. 8 13. 1 8.5 12. 5 11. 8 11. 2 
1-14 10. 0 11.6 11. 8 10. 3 9.0 9. 7 10. 0 13. 8 12. 8 8. 2 12. 5 11. 2 10. 9 
1-15 -6. 8 -4. 2 -5. 5 -7. 2 -4.9 -6. 9 -6. 0 -4. 1 -5. 2 -3. 3 -4. 9 -4. 9 -5. 3 
1-16 11, 2 12. 7 12. 2 10. 8 9.4 10.4 11. 4 14. 3 13. 1 9. 1 12. 5 11. 5 11. 6 
1-17 9, 6 11. 2 9. 7 9 . 7  6.9 8.6 10. 0 12. 3 10. 3 7,4 10. 3 8. 2 9. 5 
1-18 10. 2 11,8 10. 9 9,8 8.5 8.9 10. 4 13. 0 11. 7 7.9 11. 8 11. 0 10. 5 
1-19 5. 7 6. 6 5. 1 5. 2 3.9 3,8 5. 3 7. 2 4. 9 2.4 6. 9 2. 3 4. 9 
Average 9. 1 10. 7 10. 0 8. 8 7.6 8.3 9. 4 12, 0 10.9 7, 1 10. 7 9. 4 9, 5 
Specific indices 10. 4 12.4 11, 9 10,0 8,7 10,4 10. 2 13, 8 12.9 -3. 3 12, 5 11. 2 10, 1 
Average yield 38, 5 39. 4 38. 9 38,6 39.6 39, 1 38. 4 39. 3 38.9 38.4 39, 3 38. 9 
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environment interaction. Disregarding errors of estimation, 
the estimates of the genotypic and phenotypic variance com­
ponents obtained in individual environments would include some 
bias due to the specific interaction of that environment with 
the lines used. This bias was of unknown magnitude and direc­
tion. Estimates of components across environments 4, 5, and 
6 were corrected for genotype x environment interaction, and 
would therefore provide a more precise estimate of the value 
of the lines tested. 
It was apparent that a wider range of performance existed 
among the various index-population combinations for actual 
yield advance than for predicted yield advance (Tables 29, 30> 
31, and 32). While the actual advances due to specific indices 
generally exceeded the average advance for all indices within 
a population, specific indices were frequently exceeded by 
other non-specific indices applied to that population. Gen­
erally, average indices tended to produce greater actual yield 
advances than did more specific indices in any single environ­
ment . 
Actual advance was generally lower for indices con­
structed from maternal line data (1-8, 1-9, and I-IO) than for 
other average or specific indices in environments 4, 5» and 6. 
In contrast, the mean actual advance obtained by selection 
and evaluation in environments k, 5» and 6 combined (Table 32) 
was reasonably uniform across average and specific indices. 
110 
and in fact tended to be greater for maternal indices than for 
other indices. These data suggested that, while the homeo-
static reaction of maternal lines was a slight hinderance to 
selection in individual environments, the stability of these 
heterogeneous lines across environments resulted in more pre­
cise identification of the genetically superior entries than 
for homogeneous daughter lines. 
In all environments, response to selection using I-I5 
derived from AX143 among daughter pairs was either negative or 
only a small positive yield advance. Further, use of other 
non-specific indices for selection among daughter pairs in 
AX143 resulted in relatively low actual yield advance. It 
was apparent that response to selection in this population 
was severely limited in all environments in comparison to all 
other populations of lines in these crosses. 
When averaged across all indices within a population, 
actual yield advance for AX144 was larger for all lines, but 
smaller for maternal lines, than for AX143 in both individual 
and combined environments (Tables 29» 30, 31» and 32). In all 
cases, AXl^i)- produced greater yield advances than AX1^3 for 
daughter lines and among daughter pairs. With the exception 
of environment 5» these data closely paralleled those for 
predicted genetic advance (Tables 21, 22, 23» and 24). 
Similarly, actual yield advance for AX143-AX144 was a 
maximum for selection among daughter lines. However, daughter 
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line selection was little superior to selection among maternal 
lines or among daughter pairs in any environment, while selec­
tion among daughter pairs was superior to maternal line selec­
tion in most cases. However, the crosses responded differ­
entially in these"populations. AX143 produced actual advances 
in maternal lines equal to, or greater than, that among daugh­
ter pairs, while AX144 revealed the reverse situation in all 
individual and combined environments (Tables 29, 30, 31, and 
32). 
This may be related to the effects of heterogeneity 
within these lines on the estimates of variance in these popu­
lations. With the exception of environment 6, the genotypic 
variance component estimate for yield among maternal lines 
was lower in AA144 than in AX143. Conversely, variance com­
ponent estimates for AÂ1^4 exceeded those of AX1^3 for among 
daughter pairs in all environments. These data suggested that 
the stabilizing effects of heterogeneity within maternal lines 
was more marked in AX144 than in AX143; resulting in lower 
estimates of genotypic variance in individual environments and 
genotype x environment interaction across environments. This 
reduced variability resulted in lower actual yield advance 
for AX144 than for AX143 in maternal line selection. The 
reverse situation would apply to selection among daughters or 
daughter pairs, since greater variability was available for 
selection in AX144 than in AX143. Seasons for such differ­
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ences in the effects of heterogeneity were not clear and will 
be discussed later. 
Correlated selection Actual yield advances were ob­
tained for each of the nine agronomic and chemical traits 
individually for selection practiced in each environment and 
across environments. Evaluation of actual advance was done 
over environments 4, 5» and 6 for all populations of lines 
(Table 33). 
Selection was practiced by applying a lO/o differential 
either to the high or low section of the character distribu­
tion, depending on the sign of the correlation of that charac­
ter with yield. Correlation with yield of any magnitude, re­
gardless of direction, should have resulted in selection of 
lines having yield in excess of the population mean. There­
fore, negative measurements of actual yield advance indicated 
either that correlations of that trait with yield approached 
zero, or that bias in line performance occurred due to geno­
type X environment interaction. 
It was apparent in all environments that actual yield 
advance as a result of yield selection was far in excess of 
that due to correlated selection of other traits (Table 33). 
Since correlations of these traits with yield were reasonably 
large in some cases (Tables 11, 12, and 13)» these data indi­
cated that the expression of line performance was sufficiently 
inconsistent across environments to negate the effects of 
Table 33, Actual yield advance (percent of population mean) for soybean lines from truncation selection in the Fg or Fy generation and 





AX143 AX144 AXI44 
Maternal lines 
AX143-




AX143 AX144 AX144 
Among daughter ^^s 
AXI43 AX144 AX144 Average 
Fg (environment 4) 
Yield 9,4 9.6 9. 7 9.9 5. 8 7.8 9.0 11. 7 10.7 7.4 10. 2 9. 2 9. 2 
Maturity -1.8 1.8 -, 2 -3. 7 2. 1 -1.5 -1.0 3. 1 .4 -.8 2.6 .7 . 1 
Lodging -. 5 3.1 j 1. 2 -4, 3 1. 2 -2. 3 2. 1 5,6 3.8 1. 3 4.9 3.5 1.6 
Height -1, 2 2.4 ' 1.5 ,4 . 2 .5 -1.0 3.6 2. 1 -.5 3. 2 .7 1.0 
Seed size 1.8 2. 2 1.4 . 2 -. 3 . 2 2. 2 3.4 1.1 3.4 . 3 . 8 1. 4 
Protein 2.4 1,5 -3. 1 2.9 .6 -4,0 1.0 1.4 -2.7 -2.0 2. 2 -2.7 -. 2 
Oil .4 ,3 ,4 1.6 2. 1 -1.9 -3. 3 -.6 -.4 .2 2. 2 1.0 . 2 
PS® 1.9 7.4 5,0 -1, 2 3. 7 1.0 5,0 9.9 6.9 2.2 7.8 5.4 4.6 
1.8 3.6 2.7 -1.3 1.4 -.6 5,5 5,3 5,3 3. 1 4.3 2.9 2. 8 
Average 1.6 3.5 2. 1 .5 1.9 -. 1 2, 2 4.8 3.0 1.6 4. 2 2.4 2. 3 
F7 (environment 5) 
Yield 7,4 9.5 8,9 8, 1 6.4 7.2 7.5 10.7 9.7 6.0 9. 2 7.0 8. 1 
Maturity -1.7 .6 -.4 -, 2 3.4 -3.0 -1.4 1.6 -.8 1. 1 2. 1 -1.0 .0 
Lodging 1,5 3,9 2. 1 3. 2 1. 3 1.5 1.4 4. 1 2.5 -1.0 2.8 1.4 2.0 
Height , 5 4.9 -1. 1 -2. 3 .3 .0 .4 4.4 -2,1 -. 2 3.4 -3.4 .4 
Seed size 3. 1 .6 .2 1.0 .4 2.0 4. 1 1.5 .9 3.5 -. 2 1.4 1. 5 
Protein .9 2.9 . 1 4.3 -2. 3 .4 .5 2. 3 . 2 1. 7 1. 7 . 2 1. 1 
Oil ,0 2.7 3.0 1.8 -1.5 1.9 -.8 1.3 2.3 -.6 2. 1 3,6 1. 3 
PS® .4 4.4 2.5 1. 1 1.9 1.6 .3 5.2 3,2 .4 3.8 2. 2 2. 2 
EL*" 2.7 3,8 1.9 ,6 -1. 3 1.8 3,7 5. 1 3. 1 .9 3.3 2.4 2. 3 
Average 1. 6 3,7 1.4 2.0 1. 0 1.5 1. 7 4.0 2. 1 1. 3 3. 1 1.5 2. 1 
®Phenotypic score. 
^Early lodging. 
Table 33, (continued) 
• Selected population 
All lines Maternal lines baughter lines Among daughter pairs 
Selected SXRT- SmT- —SmT- Aîh43-
trait AX143 AX144 AX144 AX143 AX144 AX144 AX143 AX144 AX144 AX143 AX144 AX144 Average 
Fy (environment 6) 
Yield 8,4 8.6 8.4 7.8 6.0 7,0 9.0 10.6 9.9 7.2 8.4 10.0 8.4 
Maturity - . 9  .4 -. 2 -,3 -, 7 -.3 -1.6 1,4 -.5 -1.0 1.7 .6 -, 1 
Lodging . 9  ,6 -, 2 1. 2 1. 1 ,7 .9 1.0 -.7 1. 8 1.4 1.0 . 8 
Height 1, 1 3.8 1,9 ,6 2.2 1.2 .3 4.9 2.5 -1.5 4.0 1.2 1.8 
Seed size -,8 .4 ,6 1,7 -.3 .9 2.4 . 1 1,5 1,2 .4 -. 1 .7 
Protein 4.7 -1,0 . 2 5.3 -.4 .4 4.4 -. 7 ,4 3.9 -. 3 .0 1.4 
Oil -.6 ,3 1, 2 2.5 -2. 8 ,0 -1,3 -, 2 .6 -2.6 .4 1.9 .0 
PS» -1. 1 .8 ,0 -.4 -2, 1 -1,6 -1,8 1, 7 -. 2 1,0 . 5 .4 -, 2 
EL^ 3. 1 4,7 2,8 -1.0 .4 ,6 4,9 6,4 4. 1 2,0 5,6 4. 2 3. 2 
Average 1.6 2, 1 1,6 1.9 ,4 1,0 1,9 2,8 2,0 1.3 2.4 2,0 1,8 
Fg-Fy (environments 4. 5. and 6) 
Yield 11,7 12.8 12. 5 11. 1 9,4 10,6 11,9 14,4 13,5 9,4 12,6 12,0 11.8 
Maturity -.5 2.7 ,3 -3.5 2,0 -1.3 ,0 3.6 1.4 ,3 2,6 , 2 .6 
Lodging -, 3 5,0 1,8 -2,7 1. 6 -. 1 .8 6.0 3,0 -1. 2 5,6 1,4 1.7 
Height -, 1 3.6 ,9 -.8 1,4 .5 -.6 3.8 1,5 ,0 3,4 -, 2 1. 1 
Seed size 2,4 1,9 1,5 -.4 1.6 1.6 3.0 1, 8 3.0 2.4 .7 1, 1 1.7 
Protein 3,4 3,3 ,0 3.9 1,5 -.2 2.5 3, 9 .3 3,0 1, 1 -,6 1,8 
Oil ,3 -.2 1,9 2.9 1, 1 1,9 -.5 -, 2 1.3 -.7 2.4 3,2 1. 1 
PS* ,7 4,5 2. 9 -3, 1 1, 8 1,9 1.4 6,0 3.1 2,3 5. 4 3. 5 2,5 
EL^ 1, 3 4.9 2,9 -2.4 2.9 .6 3. 1 6.0 4.2 ,9 6.2 2.6 2. 8 
Average 2. 1 4,3 2.7 .6 2. 6 1.7 2.4 5.0 3.5 1,8 4,4 2,6 2. 8 
Average yield 38.5 39.4 38. 9 38.6 39.6 39. 1 38.4 39. 3 38.9 38.4 39 3 38.9 
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selection practiced in any one environment. An exception was 
for early lodging, for which selection in individual environ­
ments resulted in reasonably large and consistent actual yield 
advances over all environments. This suggested that the rela­
tionship of yield and early lodging remained similar across 
environments, and was influenced less by genotype x environ­
ment interaction than were the other traits. Ability to dis­
criminate among the lines in yielding ability by a visual 
phenotypic score was greatest for environment 4 and least for 
environment 6, This indicated that, while it was possible to 
identify high yielding types visually under optimum growing 
conditions (environment 4), phenotypic score was influenced 
greatly by traits other than visual yield estimates under less 
favorable conditions. 
Effects of Heterogeneity 
Mean performances of all traits in each environment were 
presented in Table 9. As indicated previously, average per­
formances of maternal and daughter lines was not significantly 
different for most traits in all environments (Tables 5J 6, 7, 
and 8), This suggested that the basic effects of competition 
within heterogeneous maternal lines were additive. Averaged 
across maternal lines within a cross, the competitive advan­
tages revealed by any genotypes in heterogeneous populations 
were apparently equal to the competitive disadvantages of 
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other genotypes in that population. These data are in gen­
eral agreement with those of Hinson and Hanson (I962), who 
indicated that mean performance of soybean varietal mixtures 
and components of mixtures grown in pure stands was essen­
tially identical for yield and chemical composition. Vari­
eties used in that study were determinate, southern-type 
strains of contrasting maturity, while in this study, lines 
were random and unselected strains of indeterminate Midwest 
soybeans. Parallelism of response for such contrasting gen­
etic material suggested that competitive effects within 
heterogeneous populations of soybeans may be generally addi­
tive in the determination of mean performance of most traits. 
Derivation of the genotypic variance due to heterogeneity 
was made on the assumption that gene action would be similar 
in heterogeneous maternal lines and corresponding homogeneous 
daughter lines, apart from the effects of heterogeneity. This 
appeared reasonable, but failure to fulfill this assumption 
would result in erroneous estimates of the effects of hetero­
geneity. These estimates were presented with approximate 
standard errors, and as a proportion of genotypic variance 
among daughter pairs for all environments (Table 3^). 
Negative estimates of the effects of heterogeneity on 
maternal line variance indicated lower genotypic variance 
among maternal lines, while positive estimates represented 
greater variance among maternal lines, than among daughter 
Table 34, Estimates of genotypic variance due to heterogeneity within maternal lines with approximate standard errors for nine soybean 














% pst>,c E^^d 
AX143 4 3,388+2.985® -. 079+2. 283 .019+. 045 -1.070+1.177 . 238+. 230 077+. 226 -.062+. 077 -.019+. 032 -.058+. 045 
5 3.970+2.596 -1. 301+4.265 .007T.032 1.162+2.010 . 393+. 170 . 028+. 241 -.073+. 105 -. 013ÎC 045 .008+. 045 
6 1.969+1.102 -1.229+2.960 -. 008+. 000 .418+1.443 . 129+. 173 . 132+. 200 -.024+. 095 .00^.000 -.059+. 032 
4,5,6 2.250+1.066 -1.209%. 992 -.004+. 000 . IZT+l. 252 . 230+. 164 .071+. 187 -.073+. 071 -.021+. 000 -.044+. 032 
AX144 4 -.498+3.193 .514+1.378 -.071+. 071 -1.463+2.187 .315+.214 .007+. 187 .002+.063 -.031+.045 -.068+.034 
5 -5,929+2.616 -. 57^2,156 . 030+. 032 -3.742+3.481 -.0477.158 -. 092+. 207 .034+. 071 ,011+. 045 .069+. 077 
6 -1.52^1.281 ,052+1.869 . 009+. 032 -3.599+2.880 .211+. 114 -. 064+. 152 -.050+.071 .001+. 000 -.044+.045 
4,3,6 -1.811+1.280 060+1.636 -.003^ 000 -3.053+2.464 .098+. 138 -. 116+. 138 -.0375.055 . 002+. 032 -.019+. 055 
AX143 4 .74^ —. 01 .16 -.37 .34 —. 10 -.23 -. 23 -.54 
S 3.30 -. 10 .08 .24 1.43 .04 -.22 -.09 .08 t—' 1—1 
6 oo 13 —. 16 .14 .25 .24 -.08 .16 —. 65 
-0 
4,5,6 8.69 -. 13 -.08 .04 .53 .12 -.27 -.37 -. 50 
AX144 4 -.80 .15 —. 26 -.20 .60 .01 .01 -.23 -.24 
5 -1,00 -.09 .24 -.28 -.08 14 .21 .08 .39 
6 -.42 .01 .17 -.30 .88 -.14 —. 24 .01 -.30 
4,5,6 -.43 —. 01 -.04 -.29 .27 -. 24 -.21 .03 -.12 
^Days after August 31. 
^Scored froml. 0 to S. 0, 
^Phenotypic score. 
^Early lodging. 
®Variance due to heterogeneity. 
^Ratio of heterogeneity variance to variance among daughter pairs. 
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pairs. Estimates were smaller than their standard errors in 
most characters, possibly indicating inadequacy of sampling 
(Table 34). However, estimates for complex traits such as 
seed yield, height, and seed size were large and exceeded 
their standard errors for both crosses in most environments. 
Variance due to heterogeneity was relatively consistent over 
environments for characters within a cross, suggesting that 
the effects of heterogeneity were somewhat uniform in differ­
ent environments. However, characters and crosses deviated 
considerably in the direction and magnitude of such effects, 
Ratios of heterogeneity variance to genotypic variance 
among daughter pairs (Table 34) for maturity, lodging, chemi­
cal composition, and phenotypic score were generally small and 
varied from positive to negative in direction. For such 
traits, effects of heterogeneity on individual heterogeneous 
lines were apparently transitory, and possibly a function of 
specific environmental influences. These data suggested that, 
for these traits, additivity of competitive effects in hetero­
geneous lines held constant across individual heterogeneous 
lines in these populations. In contrast, heterogeneity vari­
ance for early lodging was substantial and negative, while 
seed size showed large positive estimates, in most cases. 
This indicated that, while the mean performance of all mater­
nal and all daughter lines may be essentially equal, variance 
among heterogeneous maternal lines may be either greater or 
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less than that of corresponding daughter pairs, depending on 
the character involved. These data suggested non-additivity 
of response to competitive effects in individual heterogeneous 
lines, while the average response over populations of lines 
remained essentially additive. 
Further, estimates of variance due to heterogeneity for 
seed yield were strongly positive for AX143, and strongly 
negative for AX144, in all environments. Plant height re­
sponded similarly. Thus, in both crosses, yield and height 
performance of heterogeneous maternal lines was a non-additive 
function of correspcndine daughter lines; that is, competition 
among genotypes within individual maternal lines resulted in 
deviations from additivity of effects. On the average, compe­
tition conditioned more extreme character development in 
AX143, and less extreme character development in AX144; than 
for the average performance of the corresponding daughter 
lines grown in pure culture. Response to competition was 
approximately symmetric around the overall mean, since the 
means were essentially equal for maternal and daughter lines 
in most traits, 
Beasons for characters and crosses to respond differ­
ently to heterogeneity were not known. Possibly, these re­
sults may be related to sampling error, but in view of the 
number of lines involved and the relative constancy of esti­
mates in different environments, this appears doubtful. It 
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may be argued that, depending on the type of heterogeneity 
involved, competitive effects among plants within hetero­
geneous lines may be either more or less extreme than those 
within homogeneous lines, A relatively small proportion of 
highly vigorous genotypes in a heterogeneous population may 
result in partial suppression of character development in less 
vigorous genotypes, and hence bias character expression in 
comparison with that under pure culture conditions. In con­
trast, small differences in timing of periodic demand phases 
for otherwise similar genotypes within heterogeneous popula­
tions may result in an overall reduction in the level of 
inter-plant competition for characters being developed at that 
time. This may allow greater development of such characters 
in heterogeneous populations than for the mean of correspond­
ing homogeneous lines. Therefore, depending on the degree and 
type of genotypic heterogeneity within a population, character 
expression for any heterogeneous population may be either 
greater or less than the average of those genotypes grown in 
pure culture. 
For this study, estimates of the degree of heterogeneity 
within maternal lines in both crosses were presented in Appen­
dix Tables 37» 35, 39, and 40. It vjas apparent that, for 
yield and height, AZ144 revealed proportionately lower geno­
typic variance within daughter pairs in comparison to variance 
among daughter pairs than did AX143. This indicated that 
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lines within heterogeneous maternal lines of AX144 were com­
paratively less diverse than those in Aj(1^3. Interaction 
among such moderately different genotypes in A^l44 apparently 
resulted in heterogeneous line performance which tended 
towards the overall mean of the population. In contrast, 
interaction among the more distinct genotypes of AX143 resulted 
in heterogeneous line performance which was more extreme, on 
the average, than the corresponding homogeneous daughter 
derivatives. 
These data suggested that any form of genotypic hetero­
geneity within the population may cause deviation of line per­
formance for complex traits from the average of corresponding 
genotypes grown separately. However, the degree of hetero­
geneity was of importance in determining the type of competi­
tive response. îlarked differences among genotypes apparently 
conditioned wider ranges of performance in heterogeneous com­
bination, while mixtures of comparatively similar genotypes 
resulted in less extreme character development than expected 
on the basis of additivity. 
Resolution of Genetic Variability 
Estimates of additive and additive epistatic variances 
with approximate standard errors are presented for all agron­
omic and chemical characters in Table 35- Estimates were 
highly consistent across environments, and were in reasonably 
2 2 T*ble 35. Estimates of additive (tf*and additive epistatic (tf* genetic variance with approximate standard errors for nine soybean 
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close agreement with those of Hanson and Weber (I96I). Stand­
ard errors were generally small and suggested that sampling 
and precision were adequate in these data. Negative estimates 
were regarded as unrealistic, and were represented as a dash. 
In both crosses, estimates of for lodging, pheno-
typic score, and early lodging were negative or small positive 
2 
values, while estimates of were all positive and greater 
than their standard errors. These results reflect the breed­
ers' experience that these characters may easily be manipu­
lated in populations. Similarly, easily selected traits such 
as maturity, height, and seed weight revealed large additive 
variance estimates for both crosses in most environments. 
These data were basically in agreement with Hanson and Weber 
(1961) who reported large additive effects in these traits. 
However, additive epistatic effects were substantial for 
maturity in both crosses and for height in AX143, suggesting 
that these traits may be more complex in inheritance than pre­
viously indicated. 
For chemical composition, significant additive variance 
was found for both crosses, while epistatic variance was 
essentially zero in all cases. This is in contrast to Hanson 
and Weber (I96I) who reported significant additive epistasis 
for oil content. The complexity of protein and oil ssmthesis 
would suggest the association of epistatic action with these 
traits. However, these data indicated basically additive 
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variability for these traits in both crosses and environments. 
The use in this study of male parents which were highly sel­
ected for chemical composition in the seed may have implica­
tions in this discrepancy. 
It may be expected that epistatic variability would be 
associated with a complex trait such as seed yield. Estimates 
of additive epistasis by Hanson and Weber (I96I) were large 
but non-significant. In these data, additive variance for 
AX143 was negligible, while additive epistatic estimates ex­
ceeded their standard errors in all environments. In con­
trast, A^Ll44 showed negligible epistatic variance for yield, 
while all additive estimates were significant. 
These data suggested that gene action was distinctly 
different for yield in the progenies of these apparently 
closely related crosses. Reasons for this difference are not 
known. It was possible that, owing to the lower heritability 
of yield than for other traits, sampling of genotypic vari­
ability was inadequate. However, heritability of yield was not 
excessively low in this material, and sampling appeared ade­
quate for other traits, Further, the constancy of the esti­
mates across environments suggested a definite trend. In any 
event, derivation of the paternal parents of these populations 
from the same original cross does not preclude the possibility 
of their being quite different in gene action and/or gene fre­
quency for complex quantitative traits. 
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Several studies have reported data relating the magnitude 
of variance due to general and specific combining ability to 
that of environmental interactions for these partitions 
(Robinson and Moll, 1959) • iiesults have been contradictory, 
and may be related to the selection of parental material and 
the type of gene action predominating in these studies. In 
these populations of daughter lines, genotypic variance for 
yield was predominantly of an additive nature in AX144 and of 
an epistatic nature in AX143. Genotypic variance among 
daughter lines was generally greater in AX144 than for AX143 
(Appendix Tables 37, 38, 39> and 40). Conversely, genotype 
X environment interaction in yield for daughter lines was 
slightly larger in A:{143 than for A%144 (Table 10), These 
data indicated that environmental interactions were propor­
tionately greater in the presence of epistatic genetic vari­
ance than in the presence of basically additive genetic vari­
ance for this material. Further, although the genotypic 
variance estimates among heterogeneous maternal lines were 
not greatly different for these crosses in these environments 
(Appendix Tables 37» 33, 39» and 40), AXl^^ revealed much 
lower environmental interactions among maternal lines than 
did AX143. Thus, while environmental interactions were pro­
portionately lower in AX144 than in AX143 for daughter lines, 
this effect was accentuated when such daughter lines were 
mixed in heterogeneous combinations. 
126 
This occurrence of essentially additive genetic variance 
with proportionately lower environmental interactions for 
daughter lines, and much lo^er interactions for heterogeneous 
maternal lines, may be coincidental. However, this appeared 
doubtful in view of the random sampling and breadth of mate­
rial used in these crosses. It may. be argued that, since 
competition effects among slants are rarely direct but gen­
erally involve reaction of one plant to an environment modified 
by a second plant, the micro-environment within plots of 
heterogeneous populations may be more complex and show a wider 
range of variation than that within plots of genetically homo­
geneous plants. It was apparent that, for yield, lines in 
AX144 revealing basically additive genetic variance showed 
greater stability to variation in both the gross environmental 
and micro-environmental conditions than did lines in AX143 
which revealed basically epistatic genetic variance. 
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GM£ML DISCUSSION 
Yield Advance in Heterogeneous and 
Homogeneous Populations 
Average predicted and actual yield advances for the vari­
ous groups of lines of AXl^^-Avd^^ within environments 4, 5> 
6, and combined environments 4, 5» and 6 were presented in 
Table 36, In all cases, average actual advance was evaluated 
in the combined environments 4, 5» and 6 data. 
It was apparent that, in all environments, predicted gen­
etic advance for maternal lines was the smallest, while that 
for daughter lines was the largest, of all populations. Pre­
dictions of advance for among daughter pairs were smaller than 
for daughter lines but equal to, or larger than, those for 
maternal lines in all environments. For actual yield advance, 
maternal lines showed least response to selection in most 
environments, but were little inferior to selection among 
daughter lines or daughter pairs. Thus, while daughter lines 
revealed greater potential response to selection than did 
maternal lines, actual yield advance across environments was 
not greatly different. This may be related to the relative 
constancy of performance across environments, heterogeneous 
maternal lines showing low, and homogeneous daughter lines 
high, genotype x environment interactions. Consequently, the 
precision of predictions of genetic advance was greater for 
Table 36. Predicted and actual yield advances averaged over two crosses 
(percent of population mean) for three selection procedures and 
four populations in environments 4, 5» 6, and 4, 5, and 6 combined, 
1963-1964 
Predicted yield advance Actual yield advance 
Env. 4 Env. 5 Env. 6 
Env. 
4,5,6 iinv. 4 Env. 5 linv. 6 
Env. 
4,5,6 
Average of all indices 
and populations 10.8 4.0 5.3 5.1 7.2 5.8 7.2 9.5 
Yields- 10.4 5.0 6.2 5.5 9.2 8.1 8.4 11.8 
Specific indices 11.3 5.9 6.9 6.2 7.1 6.7 8.1 10.1 
General indices®' 10.5 4.6 5.2 5.3 8.2 7.4 8.8 10.6 
All lines^ 12.2 4.7 6.2 5.8 7.8 6.2 7.4 10.0 
Maternal lines" 8.8 2.8 4.0 4.3 6.6 5.1 5.8 8.3 
Daughter lines^ 13.9 5.5 7.4 6.6 8.4 6.8 8.2 10.9 
Among daughter pairs^ 8.8 4.3 4.5 4.6 6.2 5.5 7.6 9.4 
Average yield 42.4 41.0 33.4 38.9 38.9 35.9 38.9 38.9 
aAveraged over populations and crosses within the test environment. 
^Averaged over selection indices and crosses within the test environment. 
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maternal lines than for daughter lines, particularly in envi­
ronment 4. Thus, while estimates of predicted genetic advance 
suggested that the optimum method of selection for these popu­
lations was among daughter lines, actual yield advances from 
such selections showed little advantage over other populations. 
These suggestions were based on average response to 
selection across AX143 and AX144 (Table 36), However, it was 
apparent that the two crosses tended to respond differentially, 
in that AZ144 responded less to selection in maternal lines 
and more in daughter lines and among daughter pairs than did 
ÂX143 (Tables 21-24 and 29-32). This may be related to dif­
ferences in magnitude and effects of heterogeneity within ?2-
derived maternal lines from the two crosses. 
This indicated that caution should be used in following 
normal breeding procedures in self-pollinated crops. Com­
monly, this procedure involves a series of crosses tested in 
bulk F2-derived populations through the P^-P^ generations. 
Those crosses revealing the best compromise of high yield and 
wide variance among lines are continued, selection then being 
practiced within lines to isolate elite homogeneous material. 
These data suggested that such procedures will result in max­
imum predicted and actual yield advances in the crosses in­
vestigated. However, crosses capable of responding greatly 
to selection among homogeneous lines may be discarded owing to 
relatively low levels of response to selection in heterogeneous 
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early generation populations. This problem may be avoided by 
maintaining breadth of crosses and lines in crosses until the 
generation, selection being restricted to the elimination 
of undesirable agronomic characters. Selection may then be 
practiced among relatively homozygous, homogeneous lines iso­
lated from these bulk populations. Dominance bias may be 
expected to have little effect at this level of inbreeding, 
while rigorous testing across environments would ensure the 
identification of the elite material and the attainment of 
the greatest actual advance possible. 
Comparison of Yield Truncation and 
Index Selection Techniques 
Average predicted and actual yield advances for yield 
truncation, specific indices, and general index selection 
within environments 4, 5» 6, and combined environments 4, 5» 
and 6 were summarized in Table 36, In all cases, average 
yield advance was evaluated in the combined environments data. 
Specific indices had the largest predicted genetic ad­
vance of any of these techniques in all environments. Trunca­
tion selection for yield v;as either equal or slightly superior 
to the general index for predicted advance in all environ­
ments. However, the margin of superiority of the specific 
indices was small, and all techniques resulted in similar pre­
dictions of genetic advance. 
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Actual yield advance for yield truncation was greater 
than either index procedure in environments 4 and 5> while the 
general index resulted in the greatest yield response in envi­
ronment 6. In all environments, and for the combined environ­
ments, average actual advance was least for the specific 
indices. 
The reversal of the ranking of the specific indices for 
predicted and actual yield advance suggested that the specif­
icity of any one environment resulted in erroneous predictions 
of true line performance. This may be explained by the pres­
ence of significant genotype x environment interaction. This 
was in direct conflict with Kanning (1956), who suggested that 
genotype x environment interaction was not of sufficient mag­
nitude to warrant the sacrifice of favorable specific effects 
of individual environments. These data apparently negate that 
assumption. 
The basic question posed in the construction and applica­
tion of non-specific indices, such as averare or general in­
dices, is that of the degree of generality of relationships 
among traits in various soybean populations. In other words, 
does an average relationship among traits have meaning for 
soybeans as a whole, and if so, how closely are these rela­
tionships approached by the particular populations under 
study? Indices of varying degrees of non-specificity were 
tested, such as the application of specific indices to other 
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populations, averae-e indices across groups of related crosses 
in different generations, and general indices developed from 
distantly related germ plasm tested under a different range of 
environmental conditions. In general, it was apparent that 
such non-specific indices performed similarly to the specific 
indices for predicted and actual yield advances (Tables 21-24 
and 29-32). In particular, the most non-specific of these 
indices, the general index (I-O), gave predictions of genetic 
advance only slightly smaller than for the specific indices in 
all environments, and resulted in greater actual yield advance 
than any other selection technique for environment 6 (Table 
36). The small differences between specific and general in­
dices in individual environments and combined environments 
indicated that the average parameters used in general index 
construction were a relatively close approach to those of the 
specific indices for these crosses. These data suggested 
that, where substantial genotype x environment interaction 
exists, the general index approach was not only easier to 
utilize, but also approximately as efficient in yield selec­
tion as specific indices constructed for those environments 
and populations. 
Environment in delation to Selection Advance 
Several workers (Frey, 1964; Gotoh and Osanai, 1959) have 
presented arguments and data suggesting that non-stress envi-
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ronments will result in optimum character development, maximum 
genetic differentiation among the lines, and thus greater gen­
etic advance than in stress conditions. Further, it was sug­
gested that selection conducted under non-stress conditions 
would be more effective across a range of environments than 
selections made under less favorable conditions. Heritability 
of yield was found to be a maximum in non-stress environments 
in both studies. 
Estimates of heritability in the broad sense (Table 15) 
would approach narrow sense estimates owing to the advanced 
generation of selfing, With the exception of yield, herit­
ability estimates were large and remained relatively constant 
across environments, Heritability of yield was the lowest of 
all traits and varied markedly across environments, being 
largest for the non-stress environment 4-, and least for envi­
ronment 5 in which moisture stress was corrected by irrigation. 
Estimates of predicted genetic advance (Table 36) paralleled 
those for heritability (Tables 15 and l6). Thus, the highest 
yielding environment resulted in the greatest heritability and 
predicted genetic advance. However, the mean yield of envi­
ronment 5 W3-S similar to that of environment 4, yet heritabil­
ity and predicted genetic advance were smaller than for the 
relatively low yielding, moisture stress conditions of envi­
ronment 6. These data suggested that while, in general, pre­
dicted genetic advance may parallel the degree of plant devel-
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opinent, artificial modification of the moisture environment 
may cause deviations from this expectation. 
In contrast, no marked differences existed among these 
environments for actual yield advance averaged over all index 
selection procedure (Table 36). In fact, actual advance over 
environments was greater in several cases for selection prac­
ticed under moisture stress conditions (environment 6) than 
for more favorable environments. Thus, the use of optimum 
environmental conditions in order to obtain improved genetic 
advance may be of doubtful value. While predicted genetic 
advance may be Improved by this procedure, actual advance ob­
tained across environments may be no different from selection 
practiced in less favorable environments. 
These data were in conflict with those of Frey (1964) 
and Gotoh and Osar.ai (1959). The difference may be related 
to the magnitude of genotype x environment interactions expe­
rienced in these two crops. Soybeans are a full-season crop 
in the Midwest, and have been shovm to exhibit significant 
genotype x environment interactions (Table 10; Kwon and 
Torrie, 1964). Consequently, predictions of genetic advance 
from any one environment may be subject to modification when 
tested across environments. In contrast, Johnson (I965) indi­
cated that genotype x environment interactions for yield among 
short-season, small grain populations in the Midwest were of 
small magnitude. It would be expected that predictions of 
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genetic advance would be realized more closely in such popu­
lations. 
These data indicated that, in the presence of significant 
amounts of genotype x environment interaction, predicted gen­
etic advance estimated in soybeans for any one environment 
should be interpreted with caution. Actual a.dvance evaluated 
over several environments may be the only accurate measure of 
efficiency of selection procedures under such conditions. 
Heterogeneity and Gene Action 
The presence of genetic heterogeneity within relatively 
homozygous P^-Fy soybean lines clearly conditioned stability 
of performance within and across environments in comparison 
populations of relatively homozygous and genetically homo­
geneous daughter lines (Tables 10, 37-40). However, these 
effects were only to be expected. For homogeneous lines, 
expectation of genotypic variance within the line was essen­
tially zero, all variance being expressed among lines. In 
contrast, heterogeneous lines revealed genotypic variance both 
within and among lines, the relative importance of each being 
determined by the degree of heterogeneity within the line. 
Therefore, provided total genotypic variance remains constant 
for such heterogeneous and homogeneous populations, variance 
within environments and genotype x environment interaction 
for homogenous lines must exceed that due to heterogeneous 
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lines in all characters. While such comparisons have impor­
tant implications in crop production and design of selection 
procedures, little information is obtained on the actual 
effects of heterogeneity in character development. 
Comparison of average performance of distinct genotypes 
in pure culture and in heterogeneous combinations is meaning­
ful in evaluating effects of heterogeneity in character devel­
opment, These data indicated that, when averaged across popu­
lations of heterogeneous lines within a cross, the effects of 
heterogeneity were essentially additive for most agronomic and 
chemical traits in soybeans. This suggested that competitive 
advantages revealed by certain genotypes within these hetero­
geneous populations were balanced by competitive disadvantages 
of other genotypes. 
Equality of genotypic variances for heterogeneous mater­
nal lines and pairs of homogeneous daughter lines in most 
traits suggested that such additivity held for individual 
heterogeneous lines within these populations (Table 34). 
However, these variance estimates deviated from equality for 
yield, height, and seed size. This suggested that, while 
average heterogeneity effects were additive, the performance 
of individual heterogeneous lines for these traits was appar­
ently considerably biased by interaction among genotypes 
within these lines. Crosses responded differently to such 
interaction effects, population variance either being in­
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creased or decreased as a result of heterogeneity depending 
on the character involved. These responses were related to 
differences in the degree of heterogeneity of genotypes within 
maternal lines. 
These data have several Implications on selection pro­
cedures. evaluation of most agronomic and chemical characters 
in relatively homozygous but heterogeneous bulk populations 
will provide reliable estimates of the mean performance of 
lines derived from that population. However, mean performance 
of more complex traits in bulk populations may deviate sub­
stantially from that of the derived lines. Furthermore, exis­
tence of a range of variation in the effects of interaction 
among genotypes within heterogeneous combinations suggests 
that heterogeneity per se may have selective advantage in 
soybean populations. Thus, maintenance of heterogeneous 
bulk populations for several generations may result in natural 
selection of compatible associations of genotypes for which 
performance of complex traits is largely a function of inter­
action among genotypes within the bulk. Selection within 
such material will destroy such adaptive mechanisms and may 
be retrograde in its effects. 
Genetic variance was essentially additive for most 
agronomic and chemical characters in both crosses (Table 3 5 ) •  
This indicated that mass selection and early generation tests 
for these traits may be quite productive. Indications of sub­
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stantial additive epistasis for niant height and maturity sug­
gested greater complexity of inheritance than previously indi­
cated. Difference between the crosses in the importance of 
additive and additive epistatic variances for yield was sur­
prising, and has several implications in plant improvement 
procedures. 
This diversity of gene action for complex traits in these 
closely related populations suggests that the universal use of 
standard breeding procedures in self-pollinated crops may re­
sult in less than optimum progress. Presence of significant 
additive epistasis for yield may predispose against the value 
of early generation test data. In essence, each population 
should be treated individually in selection to obtain optimum 
response, or a breeding system designed to avoid bias in 
selection due to epistatic effects. Such procedures would 
vary depending on the degree of heterogeneity required in the 
ultimate commercial product. Implications of such estimates 
of gene action on methods of generation of variability are 
manifold. 
139 
SUMMAHY AND CONCLUSIONS 
Handom soybean populations of F^-derived, heterogeneous 
maternal lines and P^-derived, homogeneous daughter lines in 
two crosses, AX143 and AX144, were tested in three environ­
ments in the F&-Fy generations. Analyses of variance and 
covariance were conducted on nine agronomic and chemical char 
acters in each environment individually and over the combined 
environments. 
Significant genotype x environment interactions were 
found for all traits, but the magnitude of interaction varied 
for groups of lines in these crosses. Handom, genetically 
heterogeneous lines showed greater stability across environ­
ments and lower variance within environments than did random 
homogeneous material. Such reduction of line variance re­
sulted in lower estimates of predicted genetic advance for 
maternal lines than for daughter lines in all environments. 
However, increased stability of performance across environ­
ments made maternal line predictions more precise estimates 
of actual yield advance over three environments. While 
daughter line selection resulted in greater actual advances 
than for any other population, loss of efficiency from selec­
tion among maternal lines was small in all environments. 
The crosses deviated in the effects of heterogeneity on 
response to selection. AX1^3 responded more to selection 
among maternal lines, and less to selection among daughter 
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lines, than did AX144. This suggested that the performance 
of maternal lines in AX144 was more strongly influenced by 
heterogeneity than in AX143, while homogeneous daughter lines 
showed a reverse tendency in the two crosses. Yield responses 
shown by AX144 would predispose against selection of that 
cross in early generation tests of heterogeneous lines. A 
breeding procedure Involving elimination of undesirable agron­
omic types in early generation tests, and rigorous yield test­
ing across environments of relatively homozygous and homo­
geneous P^-derived lines, was suggested. Such techniques 
would avoid elimination of populations capable of marked 
responses to selection in homogeneous lines, but which showed 
excessive homeostasis in early generation tests. 
General, average, and specific index selection, in addi­
tion to truncation selection of yield and correlated traits, 
were tested in all environments. All selection was directed 
towards yield advance. Selection indices were based on yield, 
maturity, lodging, height, seed size, protein content, and oil 
content. In all environments, predicted genetic advance was 
maximized for the specific index from each population. How­
ever, the specific indices were less efficient in actual yield 
advance across environments than were yield truncation and the 
general index. This indicated that, in the presence of sub­
stantial genotype x environment interaction, the specificity 
of any one environment resulted in biased estimates of line 
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performance and erroneous predictions of genetic advance. 
Non-specific avera^e and general indices closely 
approached specific indices in predicted genetic advance in 
all environments. This suggested that the relationships among 
traits used in index construction were relatively constant 
for the soybean population of the U.S.A., and that average 
relationships among traits for this population had meaning 
and utility in selection. Further, in the presence of sig­
nificant genotype x environment interactions, the general 
index was not only easier to use, but was also approximately 
as efficient as specific indices in obtaining actual yield 
advance. 
With the exception of environment 6, yield truncation 
selection resulted in the greatest actual yield advances of 
all selection procedures. This indicated that, in the pres­
ence of precise, replicated yield data, index construction 
may be of little value_for yield selection. All agronomic 
and chemical traits other than yield were of little value 
individually in yield selection. The most efficient of the 
characters was early lodging, which resulted in small but 
consistent yield advances in all generations of selection, 
Phenotypic score was of value in yield selection under condi­
tions of good growth, but did not discriminate well for yield­
ing ability under stress conditions. 
Estimates of predicted genetic advance were considerably 
142 
biased by the specificity of test environments. Consequently, 
the relationship of actual and predicted advance was tenuous. 
This suggested that the use of predicted genetic advance to 
measure the efficiency of selection is open to criticism, 
particularly in the presence of substantial genotype x envi­
ronment interaction. Further, the use of high performance 
environments to maximize genetic advance in yield may be of 
doubtful value, since actual yield advance obtained across 
environments was essentially equal for selection practiced in 
all environments. Therefore, the presence of substantial 
genotype x environment interaction necessitates the use of 
several test environments and cautious interpretation of esti­
mates of predicted genetic advance. 
Effects of genetic heterogeneity within lines of soybeans 
were found to be essentially additive for most characters when 
averaged across populations of lines within a cross. This was 
related to equivalence of competitive advantages and disadvan­
tages revealed by genotypes within these populations. Such 
additivity apparently held for individual heterogeneous lines 
in the simpler agronomic and chemical characters. However, 
effects of heterogeneity were non-additive in individual 
heterogeneous maternal lines for complex traits such as seed 
yield, plant height, and seed size. This was related to 
interaction of genotypes within the lines. Differential re­
sponses for characters and crosses were related to differences 
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in the degree of heterogeneity within the line. In general, 
interactions among relatively diverse aenotypes within a line 
conditioned more extreme responses, and interactions among 
somewhat similar genotypes within a line conditioned less 
extreme responses, than expected on the basis of additivity of 
genotypic effects. 
Genetic variance was basically additive for most charac­
ters. Substantial additive epistasis for height and maturity 
suggested greater complexity of inheritance and selection for 
such traits. The crosses differed greatly in the importance 
of additive and additive epistatic variance for seed yield, 
i Possible reasons for this difference and their implications 
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Table 37. Estimates of phenotypic and genotypic variance and covariance components for all characters and 
Popu- Yield Maturity Lodging^ Height 
lation Character Pheno. Ce no. Pheno. Ce no. Pheno. Geno. Pheno. Ce no. 
AX143 - Yield 16.102 10. 623 6.525 6.172 .729 .791 1.021 .388 1.1 
all lines Maturity 14.959 14,221 -,120 -.076 5.220 5,030 
Lodging .324 .262 -.381 -.365 !( 
Hei^t 7.436 5.600 





AX144 - Yield 18, 226 13,096 4,452 4. 393 1.387 1.444 -2,140 -2.493 1.: 
all lines Maturity 9.274 8.598 -.221 -.169 4.494 4.152 
Lodging .389 .325 -.861 -,787 
Height 12, 272 9.087 -, ( 





AX143 - Yield 14.176 7.950 3. 370 2.865 . 161 .263 ,093 -.213 . / 
maternal Maturity 7. 232 6. 371 -.146 -. 118 1,448 1.186 .4 
lines Lodging .196 . 134 -.107 -.084 -.( 
Height 3.571 1.785 -. J 





AX144 - Yield 13,064 6. 828 1.884 1,713 ,864 .978 -1.047 -1.225 l.C 
maternal Maturity 4,694 3.979 -,140 -,096 1. 894 1,713 .2 
lines Lodging ,272 ,203 -.262 -, 222 .1 
Height 8.757 5.939 .4 




^Sign of all covariance components reversed for lodging, early lodging, and jdienotypic score, except whi 
^Phenotypic score, 
<^arly lodging. 
all characters and populations of Fg soybean lines in environment 4, 1963 
Height Seed size Protein oa PS®» b EL®' c 
:no. Geno, Pheno. Geno. Pheno. Geno. Pheno. ôeno. Pheno. Geno. Pheno. Geno. 
m .388 1.012 .928 -.366 -.372 ,109 .055 .960 .940 .930 1.030 
>20 5.030 .581 .535 .264 .190 -.225 -. 185 .288 .316 .497 .518 
181 -.365 .029 .045 .075 .093 -.022 -.030 -.205 -.175 ,246 .211 
t36 5.600 .192 . 198 -.036 -.050 .063 .079 .068 .041 -.099 -.081 
1.317 1.209 ,321 .263 -.008 .002 .078 .085 .028 .036 
1.316 1.088 -.522 -.475 .040 .045 .085 .090 
,485 .412 ,001 -.001 -.031 -,035 
, 190 .146 -.176 -.151 
.277 ,206 
,40 -2.493 1.272 1.253 .450 .441 .193 .131 1, 297 1,179 1.865 1,853 
194 4.152 ,639 ,573 . 104 .008 -,549 -.489 .189 ,189 .227 ,263 
161 -.787 .156 .163 .085 .087 ,067 .059 -. 239 -,214 .392 .354 
'72 9.087 -.001 -.061 -.280 -.347 -,540 -.482 -.269 -.258 -.900 -.824 
1.277 1.194 .606 .583 -.143 -.137 . 135 .137 .227 .231 
1.103 .889 -.234 -.196 ,065 .065 .116 .117 
.385 .312 ,018 .012 .068 .062 
.227 .188 -.272 -.248 
.513 .439 
193 -.213 .725 .579 -.660 -.881 .181 .155 .313 .267 .246 .276 
48 1.186 .402 .382 .111 .025 -.084 -.049 -,038 -.026 .118 ,118 
07 -.084 -.042 -.034 .044 ,058 -.043 -.055 -, 103 -.081 .113 ,076 
71 1.785 -.113 -.053 -.046 -.037 -.047 -.006 ,044 .031 .067 ,079 
1.046 .930 .206 .131 .003 .018 .024 .025 -.046 -,054 
.904 .728 -.342 -.306 ,015 .020 .042 ,048 
,285 .212 -.010 -.017 -.022 -,038 
,094 .065 -.070 -.048 
.122 ,050 
47 -1. 225 1.042 .957 1.010 .942 -.040 -.168 ,748 .743 1.016 1,039 
94 1,713 .293 .189 .344 .296 -.444 -.442 ,060 .048 .038 .053 
62 222 .145 .165 .061 .043 .012 .010 -, 158 -.134 .240 .208 
57 5.939 ,420 .336 -.006 -.078 -.256 -.238 -,031 -.069 -.295 -.237 
.928 ,842 .417 .410 166 -.166 .114 .118 .112 .116 
.777 .583 -.168 -.148 .066 .058 ,064 .053 
.266 ,201 -.002 -.006 ,013 .010 
.145 .106 -, 158 -.134 
,283 .219 
score, except where two of die se variables are involTed. 





































































AX143 - Yield 7.231 4.562 3.622 3, 502 .304 .345 1.074 .729 .538 
among Maturity 6.810 6.450 -.268 -.234 1.654 1,582 .037 
daughter Lodging ,149 ,115 -.306 -,308 ,053 
pairs Height 
Seed size 





































Height Seed size Protein Oil PS», b EL^' c 
eno. Geno. Pheno. Geno. Pheno. Geno. Pheno. Geno. Pheno. Geno. Pheno. Geno. 
182 ,308 1.203 1.169 -. 179 -.075 .050 -.032 1.106 1,078 1.215 1.341 
807 6.637 .782 .728 .433 .377 -,342 -.300 .361 ,400 .531 ,561 
654 -.638 .101 .120 .120 . 137 -.019 -.024 -.230 -,196 .265 ,231 
135 7.273 .426 .404 .030 -.002 .114 .129 .002 -.030 -,308 -,281 
1.462 1.358 .369 .319 -.012 -.006 .127 ,138 , 102 .115 
1.538 1.292 -,620 -.568 .072 .077 ,136 ,140 
.590 .517 .004 .006 -.043 -.041 
.223 .171 -, 202 -. 175 
,309 .238 
022 -3.408 1.440 1.452 .273 .265 .257 .231 1,548 1.472 2. 213 2.184 
291 4.918 ,846 .796 . 112 -.010 -.690 -.599 .189 . 197 .147 .191 
278 -1.186 .193 .195 .151 .164 .071 .059 -.261 -.235 .428 .388 
850 10.658 -, 166 -.215 -.291 -.351 -.766 -.702 -.445 -.404 -1.349 -1.261 
1.467 1. 383 .685 .653 -.124 -.116 .166 .166 .317 .323 
1. 228 1.002 -.243 -.183 .095 .097 .199 .204 
.439 .362 .016 ,009 .070 .062 
.258 .220 -.305 -.281 
.574 .497 
074 .729 .538 .572 -.006 . 132 .198 .157 .369 .384 .390 .449 
654 1.582 .037 .003 -.206 -.248 .071 .100 -.078 -.048 .142 .164 
306 -.308 .053 .064 .091 .097 -.018 -.015 -.112 -.092 .119 .102 
784 2. 855 .431 .430 -.393 -.422 .250 .285 -,072 -.074 -.116 -.106 
.748 .692 .189 . 165 .096 .095 ,062 ,067 .030 .040 
.905 .805 -.317 -.290 ,048 ,048 .139 .150 
.314 .274 ,010 ,015 -.047 -,043 
.113 ,084 -.101 -.086 
. 144 ,108 
499 -3. 594 .340 .310 .387 .354 .126 . 100 .843 ,783 1.186 1.145 
155 2.983 .242 .208 .187 ,144 -.590 -.550 -.050 -,049 -. 194 -.181 
959 -.940 .092 .089 .084 .085 .066 .059 -.188 -,177 ,297 .279 
252 7.402 .094 .045 -. 154 -, 164 -.537 -.530 -.381 -.368 -,892 -.874 
.574 .527 .277 .254 -.100 -.095 .079 .075 .141 .139 
.690 -576 -.151 -.120 ,084 .084 ,129 ,120 
.240 . 199 ,010 .004 ,049 ,045 
,155 .137 -,203 -, 194 
.324 .287 
Table 37. (continued) 
Popu- Yield 


































































Height Seed size Protein Oil PS^' b EL®' c 
Pheno. Ce no. Pheno, Geno. Pheno. Geno. Pheno. Geno, Pheno. Geno, Pheno, Geno, 
.649 -.397 .746 .616 -,146 -.202 -, 101 -,185 .789 ,707 ,774 ,906 
5.303 5.104 .766 .724 .647 ,617 -,423 -,397 .428 ,446 ,386 ,402 
-.375 -.341 .042 .058 ,022 .044 .006 -.010 -. 136 -.107 ,166 . 134 
5. 376 4.510 .028 -.012 .414 .406 -, 111 -.147 .101 ,041 -,212 -.179 
.784 .688 ,211 .160 -.110 -.099 .061 .073 ,070 ,077 
.802 .514 -. 338 -. 288 .021 .030 ,008 -,005 
,319 .253 -.003 -.009 ,004 .001 
.138 .090 -,117 -.093 
,203 ,134 
,640 .071 1.072 1,153 -,123 -.077 , 136 ,134 .750 .714 1,056 1,076 
2.432 2.031 .628 .595 .007 -.149 -, 168 -,068 .229 .245 .305 ,367 
-.419 -.277 .100 .109 .058 .082 ,013 ,001 -.094 -.064 .162 ,117 
5. 212 3.494 254 -,258 -.095 -. 193 -,300 -.190 -.103 -.048 -.552 -.416 
.947 .874 ,427 .407 -,030 -.024 .085 .094 .175 .189 
,670 ,445 -,126 -,067 .013 .015 .061 ,089 
,241 .170 .007 .005 .027 .018 
.128 .088 -.122 -.095 
,299 .220 




Character Pheno. Geno. 
Maturity Lodging^ Height 























































































































^Sign of all covariance components rererssd for lodging, early lodging, and phenotypic score, except 
Phenotypic score. 
*ïarly lodging. 
nts for all characters and populations of Fy soybean lines in environment 5, 1964 
Height Seed size Protein Oil psa, b EL^' c 
Pheno. Ce no. Pheno. Geno. Pheno. Geno, Pheno. Geno. Pheno. Geno. Pheno. Geno. 
3. 524 3.036 .394 .104 -.869 -.785 ,550 ,453 ,266 . 141 .112 .094 
7.134 6.759 1.699 1.532 1.293 1.127 -.647 -.557 -1.516 . -1.412 -.018 .060 
-,057 -.012 -.101 -.082 -.016 -.012 .012 ,008 .173 .147 .154 . 124 
12.199 9. 971 .257 .134 -.483 -.443 .499 .473 .012 .016 -.053 .031 
.997 .863 .356 .336 -.107 -.107 -. Ill -.095 -.016 .014 
1.410 1.183 -. 669 -.587 -.064 -.047 .064 .059 
.585 .487 .047 .040 009 -.011 
, 243 ,193 .153 .127 
.304 .198 
-.577 -1.114 .520 .312 .326 .369 .217 .184 .479 ,241 .393 .240 
4. 335 4.013 .912 .824 .947 .843 -.709 -,607 -.717 -,664 -.221 -.154 
.234 .307 -.017 -.002 -.042 -.049 .045 .045 . 193 ,163 .229 .198 
20. 363 17.081 -. 124 -.209 -.918 -.863 .030 ,012 .314 ,338 .014 . 145 
.905 .769 .563 .532 -.159 -,162 -.025 -,021 .074 .073 
1.176 ,953 -.411 -,315 -.045 -,043 .084 .090 
.427 ,312 .056 .051 -.009 -.016 
.246 .192 .229 .196 
.416 .304 
1.938 1. 849 -.150 -. 367 -. 666 -.434 .363 ,265 .189 .062 -.018 -.143 
3.450 3.198 .786 .635 .642 .507 -.235 -,159 -.906 -.767 -.243 -. 159 
-.010 .032 -.054 -.038 .066 .081 -.038 -.045 .119 .098 . 113 .085 
8.039 5.894 .271 .163 ,168 .294 .082 ,055 ,170 .168 -.093 -.020 
.790 .668 .257 .263 -.092 -,096 -.068 -.057 .009 .030 
.960 .719 -.413 -.303 .019 .034 . 147 , 160 
.369 .256 -.016 -.021 -.055 -.074 
.174 .125 .110 ,083 
,209 . 112 
2,408 1.554 .131 -.117 .014 -.106 .000 -.030 .212 .016 .072 -.007 
2.842 2.730 .767 .658 ,705 .567 -.335 -.189 -.380 -.336 -. 211 -.084 
.405 .435 -.034 -.012 -,024 -.036 .023 .025 .169 .148 .204 . 177 
12. 895 9.376 .589 .488 .011 ,078 .081 -.031 .432 .396 .328 .425 
.631 .502 .405 ,385 -. 127 -.141 -.010 .009 .058 -.067 
.779 .552 -.251 -.166 .006 -.003 .103 .113 
,308 .105 .013 .006 -.030 -.056 
. 196 .150 .200 .178 
.366 -245 
otypic score, except where two of these variables were involved. 
Table 38. (continued) 
Popu- Yield Maturity Lodging^ Height See 
lation Character Pheno. Ce no. Pheno. Ce no. Pheno. Ceno. Pheno. Geno. Pheno. 
AX143 - Yield 15.307 6.881 .750 -.075 . 144 . 183 4.466 3.792 ,631 
daughter Maturity 32.518 31.049 -1.112 -1.059 8.493 8.065 2,173 
lines Lodging .199 .156 -.095 -.053 -.125 
Height 14. 225 11.933 .243 





AX144 - Yield 14.082 5, 845 -1.078 -1.229 .350 .231 -2. 261 -2.699 .713 
daughter Maturity 16.413 15. 347 -.578 -.510 4.943 4.481 .997 
lines Lodging .234 . 178 .142 .230 -.010 
Height 23. 760 20.616 -.473 





AX143 - Yield 5.997 1.204 2.607 2.113 ,009 .028 2.856 2.353 .372 
among Maturity 14.487 13.635 -.548 -.528 3.246 3,011 .357 
daughter Lodging ,111 .091 .047 .077 -.008 
pairs Height 5.932 4.732 .201 





AX144- Yield 9.905 5.929 -.386 -.491 ,235 .149 -1.952 -1,881 .581 
anjong Maturity 6.775 6.166 -.263 -.216 4,264 4.079 .315 
daughter Lodging ,155 .127 .201 .240 .003 
pairs Hei^t 14. 571 13,118 -.015 





Height Seed size Protein Oil pga, b EL^' c 
eno. Geno. Pheno. Geno. Pheno. Geno, Pheno. Geno. Pheno. Geno. Pheno. Geno, 
466 3.792 .631 .286 -.976 -.971 .607 .511 .306 .182 .218 ,243 
493 8.065 2.173 2, 002 1,551 1.373 -.797 -.699 -1.834 -1.753 .036 ,111 
095 -.053 -.125 -. 107 -.059 -.061 .038 ,036 .202 .174 . 172 .142 
225 11.933 .243 . 110 -.873 -.875 .750 .728 -.059 -.054 -.069 .019 
1.121 .983 .411 .383 -.117 -. 116 -.134 -.117 -.024 ,011 
1.657 1.439 -.803 -.735 -.107 -.090 ,020 ,007 
.702 .605 .078 .071 ,019 .023 
.281 .228 ,176 ,149 
,347 ,237 
261 -2.699 .713 .509 .495 .609 .320 .292 .595 .330 .524 ,332 
?43 4.481 .997 .915 1.068 .977 -.901 -.819 -.899 -.837 -,258 -,217 
142 .230 -.010 .002 -.052 -.056 .057 .055 .209 .174 ,243 ,211 
760 20.616 -.473 -.552 -1.345 -1. 309 -.056 -.026 .242 .293 -,155 -,006 
1.060 .920 .652 .617 -. 177 -.174 -.032 -.037 .081 ,074 
1.395 1.170 -.495 -.391 -.068 -.060 .073 ,077 
,490 .372 .078 ,075 .002 ,004 
.274 ,216 .249 ,210 
.443 ,333 
556 2.353 .372 .116 -.560 -.608 ,337 .271 .086 -.009 . 125 ,170 
Î46 3.011 .357 .235 -.026 -.164 -,048 .013 -.921 -.879 -.125 -,090 
m .077 -.008 .001 -.001 -.004 -,002 .001 .119 .106 .093 ,074 
)32 4.732 .201 .126 -.874 -.900 .533 .540 .033 ,031 , 104 ,150 
,356 .275 .008 -.013 .070 .075 -.002 .006 ,047 ,072 
.831 .691 -.431 -.381 -.033 -.023 ,036 ,033 
.385 .329 .027 .023 -.009 -.006 
.165 .138 .116 ,102 
.169 ,104 
)52 -1,881 .581 .550 .537 .534 .357 .404 .394 .264 .295 ,126 
>64 4.079 .315 .264 .363 ,306 -.577 -.537 -.409 -.372 -.238 -,210 
LOI .240 .003 .007 -.042 -.051 .054 .055 .141 .123 .150 ,132 
V71 13.118 -.015 -.018 -.543 -.516 -.420 -.391 .105 ,138 -.033 .002 
.618 .549 .376 .368 -.064 -.067 -.005 -.006 ,033 .025 
.792 .644 -.236 -.165 -.040 -,034 -,007 -,004 
.235 .161 .070 ,065 ,059 ,060 
.168 .139 ,162 ,142 
,238 ,176 




Character Pheno. Ce no. 
Maturity 


































































Height Seed size Protein Oil PS^'^ EL®'' ^ 
Pheno. Geno. Pheno, Geno, Pheno. Geno. P(ieno. Geno, Pheno, 6eno. Pheno. Geno. 
1,879 1.515 .362 . 174 -.483 -.383 
5, 539 5.151 1.877 1.775 1.618 1.532 
-,153 -.128 -.128 -. 108 -.059 -.057 
9,544 7. 354 .105 -.012 -.048 -.004 
.834 .717 .411 .395 
.930 .771 
, 102 -.879 .316 -.023 -. 134 .092 
1,081 .534 .724 .660 .751 .682 
-,099 -.002 -.018 -.005 -.017 -.006 
11, 288 7. 922 -.387 -.535 829 -.810 
.531 .389 .316 . 261 
.705 .547 
.249 . 253 .190 . 114 .079 
-.711 -.981 -.903 . 117 , 198 
.035 . 102 .072 .093 ,071 
.206 -.096 
-.084 -.209 -,126 
-. 188 -. 141 -.123 -.079 -,059 
-.367 -.083 -.068 -.005 -,025 
.287 ,056 .049 .026 ,029 
, 146 .095 .075 ,051 
.228 , 137 
-.099 .345 .075 ,266 ,210 
-.300 -.528 -.477 -,040 -.014 
.002 .089 .055 ,111 ,084 
.352 , 122 .160 -,230 -.008 
-.110 -,024 -.031 .050 .049 
-. 232 -.031 -.027 .079 .081 M 
.216 .009 .012 -.057 -.054 
















Table 39. Estimates of phenotypic and genotypic variance and covariance components for all characters and popula 
Popu­
lation Character 
Yield Maturity Lodging^ Height Seed si 
Pheno. Ce no. Pheno. Géno. Pheno. Ce no. Pheno. Ceno. Pheno. C 
AX143 - Yield 5.624 2, 800 -.482 -.816 -.022 .038 -1.310 -1.605 .078 -
all lines Maturity 19.038 17.995 -.470 -.446 5. 529 5.275 1.641 1 
Lodging .094 .070 -.042 -.054 -.003 
Height 9.461 7. 902 . 162 





AX144 - Yield 6.800 4,086 -.776 924 -.001 .035 -3. 724 -4.000 -. 159 -
all lines Maturity 11.937 10. 841 -.315 -.291 5.133 4. 582 .955 
Lodging .088 .069 -.002 .008 .002 
Height 16. 384 14. 381 .392 





AX143 - Yield 5.018 1,969 -.551 -.794 -.047 .027 -1.036 -1.235 -.237 -. 
maternal Maturity 9.091 7.996 -.288 -.246 1.730 1.700 .556 
lines Lodging .064 .043 -.028 -.064 .006 
Height 5.166 3.420 -.068 





AX144 - Yield 5.043 2.115 -.633 -.767 -.075 -.053 -1.808 -1.828 -. 244 -. 
maternal Maturity 6. 255 4.965 -.171 -. 147 4.136 3. 364 .387 
lines Lodging .082 .061 . 165 .134 -.001 
Height 11.106 8.412 .411 
Seed size .519 
Protein 
EL^  
^Sign of all covariance components involving lodging, early lodging, and phenotypic score changed, except where 
^Phenotypic score. 
^aily lodging. 
}nents for all characters and populations of Fy soybean lines in environmeat 6, 1964 
no. 
Height Seed size Protein Oil PS*' b EL®< c 
Pheno. Geno. Pheno. Geno, Pheno. Geno. theno. Geno. Pheno. Geno. Pheno. Geno. 
138 -1.310 -1.605 .078 -.042 -.338 -.340 .173 .199 ,051 .022 .014 .079 
[46 5. 529 5. 275 1.641 1.599 .679 .594 -.435 -.375 -.564 -.524 .145 .172 
170 -.042 -.054 -.003 .003 -.020 -.005 .014 .008 -.075 -.067 .081 .070 
9.461 7. 902 . 162 .167 166 -. 124 .017 .046 .261 .230 -.025 -.037 
1.007 .939 .244 .223 -.044 -.042 -.034 -.030 .065 .067 
1.129 .941 -.504 -.455 -.024 -.001 .035 .055 
.524 .438 .015 .009 -.011 -.020 
.131 ,101 -.066 -.061 
.167 .110 
,126 .078 .026 .050 .081 
.408 -.305 -.281 -.189 -.144 
.021 -.081 -.069 .100 .090 
.124 . 327 . 310 -.296 -.294 
.126 .008 ,015 .065 .073 
,267 . 002 , 006 . 079 . 083 
. 289 .018 ,019 .019 .011 
,130 , 092 -.098 -.085 
. 215 .153 
o\ 
.098 . 005 , 018 -.015 -.011 
.114 -.337 -.280 . 017 . 093 
.012 -.048 -.040 . 051 .042 
.053 . 212 .177 . 019 . 010 
,042 -.025 -.013 . 004 . 012 
.279 . 018 . 043 -.001 .021 
.266 -.024 -.031 -.010 -.027 
.095 . 066 -.038 -.031 
. 085 .032 
3 -1. 808 -1.828 -.244 -.276 -.010 -.033 .072 .167 .014 -.061 -.062 -.041 
7 4. 136 3. 364 .387 .346 .256 .219 -.143 -.049 -.119 -.118 -. 128 -.100 
1 165 .134 -.001 .000 -.006 -.003 .014 .008 -.074 -.059 .082 .072 
11. 106 8.412 .411 .457 -. 139 -.146 .168 .336 .405 .344 .022 -.020 
.519 .451 .233 .208 -.122 -.113 .019 .020 .000 .007 

















35 -3. 724 -4.000 -.159 -.175 .053 -.036 .058 
91 5. 133 4.582 .955 .910 .443 .369 -.490 
59 002 .008 .002 .008 .007 .012 .026 
16, 384 14. 381 ,392 .391 -.471 -.523 -.192 








-1.036 -1.235 -.237 -.408 -.385 -.429 ,103 
16 1.730 1.700 .556 .509 -.029 -.129 -.137 
13 -.028 -.064 .006 .016 .011 .029 -.006 
5.166 3.420 -.068 -.027 .037 .071 -.077 







3typic score changed, except where two of the variables were involved. 
Table 39. (continued) 
Popu­
lation Character 
Yield Maturity Lodging^ Height Se 
Phen( Pheno. Geno, Pheno. Geno. Pheno. Geno. Pheno, Geno. 
AX143 - Yield 6.062 3. 373 -.597 -.975 -.009 -.047 -1,578 -1.938 .23( 
daughter Maturity 23. 340 22. 313 -.545 -.530 6.739 6. 381 2. 17! 
lines Lodging . 108 ,081 -.044 -.046 -.00' 
Height 11.003 9.546 .24( 





AX144 - Yield 7.786 5, 365 -.783 -.944 .032 .074 -4.602 -5.006 -. 113 
daughter Maturity- 14. 561 13.603 -.382 -.360 5.156 4.651 1.211 
lines Lodging .093 .075 -.064 -.030 .007 
Height 18.484 16.800 .318 




AX143 - Yield .984 .000 .380 .239 -.066 -.035 -.277 -.466 .197 
among Maturity 9.708 9. 225 -.235 -.234 1.462 1. 252 .981 
daughter Lodging .065 .051 .095 .092 .012 






AX144- Yield 5.019 3.640 -.992 -1.082 .072 .088 -3.836 -3.933 -.351 
among Maturity 5.412 4.913 -.211 -.200 3.745 3.466 .319 
daughter Lodging .061 .052 -. 102 -.080 .038 





Height Seed size Protein Oil psa, b EL^' c 
Pheno, Geno, Pheno. Geno. Pheno. Geno. Pheno. Geno. Pheno, Geno. Pheno. Geno. 
-1,578 -1.938 .230 . 142 -.326 -.309 .227 .270 ,068 .029 .025 .121 
6,739 6. 381 2. 175 2, 136 1.005 .926 -.509 -.435 -,709 -.676 . 178 .182 
-.044 -,046 -.004 ,001 -.035 -.020 ,023 .016 -,089 -.080 .096 .084 
11.003 9.546 .246 .230 -.319 -.270 , 121 . 146 . 268 .240 -.079 -.090 
1.173 1,107 .313 .295 -.086 -.079 -.039 -.039 .097 .096 
1,275 1.097 -.596 -.553 -,046 -.025 .059 .080 
.614 ,529 ,038 .031 -.009 -.015 
, 150 .120 -.080 -.074 
,207 . 147 
-4.602 -5.006 -. 113 -.121 .072 -.054 .060 .119 .109 .066 , 108 . 141 
5.156 4.651 1.211 1.165 .543 .467 -.643 -.579 -.399 -.361 -, 241 -.186 
-.064 -.030 .007 .015 .014 .020 .033 .030 -.084 -.075 ,111 . 101 
18.484 16.800 .318 .293 -.630 -.709 -.208 -. 175 .301 ,306 -,485 -.466 
.790 .730 .344 .328 -.144 -.133 .009 ,018 .099 , 106 
1.035 .890 -.385 -.344 .014 .016 .111 , 116 
.454 .359 .018 .019 .020 .011 
.141 . 101 -.107 -.092 
.246 . 184 
-.277 -.466 .197 .164 .122 .156 -.023 .018 .005 -.006 -.046 .002 
1.462 1. 252 .981 .971 -.119 -.111 .161 . 195 -.429 -.422 -.025 -.030 
.095 .092 .012 .016 -.020 -.014 .009 ,005 -.046 -,043 .059 .053 
3. 710 3.002 .137 .143 -.611 -.550 .222 .232 .216 .193 -.059 -.069 
.553 .515 -.031 -.032 .095 .100 -.002 -.003 .050 .046 
.626 .547 -.278 -.265 -.011 .002 -.011 -.003 
.331 .290 .013 .010 ,009 .006 
.072 .057 -.035 -.033 
.121 .091 
-3. 836 -3.933 -.351 -.389 -.060 -.103 .338 ,377 .064 .048 .094 .109 
3.745 3.466 .319 .291 . 199 .182 -.328 -,298 -.131 -.111 -.200 -, 170 
-.102 -.080 .038 .043 .033 .035 ,012 .011 -.056 -.052 .076 .071 
12. 847 12. Oil .435 .401 -.300 -.343 -.342 -.328 .219 .227 -.347 -.342 
,274 .240 .115 . 103 -.063 -.054 .039 .044 .088 .096 
.542 .470 -.172 -.158 .019 .024 .119 .119 
.255 .207 .025 .026 .018 .012 
.089 .071 -.082 -.076 
.171 .144 




Character Pheno. Geno. 
Maturity 
























































f Height Seed size Protein Oil PS^' ^ 
.eno. Pheno. Geno. Pheno. Geno. Pheno. Geno. Pheno. Geno. Pheno. Geno. Pheno. Geno. 
,081 -1. 144 -1.487 .093 -.017 -.431 -.459 .247 .253 .091 ,035 .023 ,119 
-.303 5.469 5.169 1.253 1.196 1.201 1.033 -.703 -.624 -.317 -.268 . 193 .211 
,032 -.138 -.134 -.018 -.014 -.024 -.007 .017 .011 -.048 -,039 .046 ,033 
8,137 6.641 . 135 .091 ,282 .262 -.107 -.079 ,066 ,053 -.020 -.023 
.665 .609 .359 .326 -.180 -. 175 -.038 -.037 .047 .052 
.765 .567 -.356 -.297 -.045 -.027 .057 .083 
.337 .249 .030 .021 -.015 -,021 
.095 .065 -.049 -,043 
. 120 ,059 
-,010 -.600 -1.200 .200 .255 .208 .046 -.286 -.246 .073 .019 .001 ,036 
-, 167 1.753 1.297 .919 .884 .407 .291 -.359 -. 291 -.290 -.254 -.071 -,022 
.025 .023 .047 -.033 -.026 -.023 -.013 .024 .019 -.036 -.025 .043 ,032 
6.871 5.177 -.110 -.095 -.306 -.377 -.033 .004 .092 .086 -. 163 -, 135 
.551 .498 .237 .228 -.084 -.081 -.032 -.024 .014 .014 
.582 .435 -.243 -. 192 -.001 -.007 -.008 .001 
.253 . 159 -.007 -.006 .007 -.001 
.075 .033 -.037 -.019 
. 116 .044 
Table 40. Estimates of phenotypic and genotypic variance and covariance components for all characters and popu 
Popu­
lation 
Yield Maturity Lodginj Height Seed 








































































,365 .265 -2. 987 -3.407 .337 
-.306 -.292 4, 349 4.197 ,707 
.143 .098 -, 276 -.309 .053 
13. 944 12.746 .065 
.794 



























151 .061 -.822 -1.159 .151 
196 -. 197 2.509 2.284 .346 
113 .078 .043 .013 .035 
8.551 7. 367 .446 
.538 
^Sign of all covariance components involving lodging, early lodging, and phenotypic score changed, except w 
Phenotypic score. 
^Early lodging. 
for all characters and populations of Fg-Fy soybean lines combined over environments 4, 5, and 6, 1963-1964 
HeiRht Seed size Protein Oil psa, b EL^» c 
Pheno. Geno. Pheno. Geno. Pheno. Geno. Pheno. Geno. Pheno. Geno. Pheno. Geno. 
. 130 -.344 .368 .304 -.515 -.510 , 193 . 151 .135 .005 .263 .219 
714 5,590 1.157 1.082 .594 .518 -.374 -.344 -.475 -.414 .269 . 299 
-.213 -.239 .002 .016 .031 .040 -.009 -.014 .097 .070 .111 .087 
7, 975 7.113 .165 .146 -. 150 -. 110 .145 .121 .019 -.029 -.091 -.107 
.945 .864 .245 .215 -.045 -.041 .002 .015 .059 .076 
1.057 .943 -.496 -.462 .008 .020 ,080 .090 
.437 . 390 .010 .004 -.026 -.031 
.107 .066 .088 .065 
.168 .128 
2.987 -3.407 .337 .233 .348 .384 . 100 .073 ,370 .248 .570 .471 
i. 349 4.197 ,707 .642 .401 .352 -.520 -.489 -.228 -.203 -.026 -.009 
.276 -.309 .053 .055 .050 .067 .029 .020 .115 .087 .167 .130 
5. 944 12. 746 .065 .053 -. 517 -.497 -.255 -.266 .042 ,001 -.444 -.469 
.794 .712 .424 .391 -.135 -.129 .050 ,055 .139 .147 
.789 .659 -.255 -.222 .039 ,055 . 125 .141 
.308 .262 .020 .015 .010 .002 
.129 ,092 . 142 .113 
.264 .206 
•. 183 -.441 -.021 -.088 -.652 -.693 • .281 .314 .016 -.061 .042 .027 
^.989 1.879 .460 . 39;' . 142 .093 -.007 -.070 -.341 -,298 -,009 .004 
.081 -.098 -.010 .000 -053 .059 -.027 -.026 .055 .038 .058 .041 
U083 3.329 .004 -. 009 .124 .160 -.025 -.031 .078 .046 -.030 -.044 
.725 .663 . 162 .148 -.020 -.024 -.007 .002 .010 .021 
.733 .641 -.313 -.287 ,034 .042 .072 .076 
.242 . 195 -.015 -.014 -.027 -.026 
.064 .036 .043 .029 
.075 .043 
.822 -1.159 .151 .071 .332 .329 -.007 -.016 .185 . 115 .183 .103 
!.509 2.284 .346 .277 .296 .227 -.243 -.211 -.137 -. 132 -. 101 -.101 
.043 .013 .035 .034 .029 .039 .009 .005 .094 .074 .123 .096 
1.551 7. 367 .446 .433 -.021 -.009 -.117 -.175 .203 .169 -.020 -.040 
.538 .460 .293 .263 -.127 -. 121 .044 .045 .076 .086 
.481 .367 -.146 -.120 .031 ,037 .071 .076 
.185 .138 .007 .005 -.002 -,003 
.102 .077 .106 ,086 
.178 .133 
: score changed, except where two of the variables were involved. 
Table 40. (continued) 
Popu- Yield Maturity Lodging^ Height 
lation Character Pheno. Geno. Pheno, Geno. Pheno, Geno. Pheno, Geno. Ph 
AX143 - Yield 6, 356 3. 132 2,614 2. 590 . 183 .094 , 185 -.401 
daughter Maturity 23.103 22. 294 -.588 -.558 7. 063 6. 921 i! 
lines Lodging , 139 . 100 -.331 -.364 . 
Height 9. 657 8. 758 





AX144 - Yield 8. 428 5. 512 .917 ,801 .466 .368 -4. 234 -4. 704 
daughter Maturity 12.793 12. 231 -.392 -,364 4. 881 4.756 il 
lines Lodging , 154 , 107 -.468 -.502 , (  
Height 16. 330 15. 146 -, 





AX143 - Yield 2. 217 259 2.200 2.229 .021 -.050 1.017 .682 : 
among Maturity 9.944 9,476 -.344 -.329 2.218 2.183 
daughter Lodging .078 .053 -.097 -, 129 X 






AX144 - Yield 5. 879 4. 174 -.563 -.654 .342 .253 -3.456 -3. 741 
among Maturity 4,875 4, 530 -.255 -.242 3,346 3,242 
dau^ter Lodging .116 .081 -.276 -,303 






Height Seed size Protein OH PS^' ^ EL^' ^ 
Pheno, Geno. Pheno. Geno. Pheno, Geno, Pheno. Geno. Pheno. Geno. Pheno. Geno. 
, 185 -.401 .548 .478 -.474 -.464 
7.063 6. 921 1.553 1.474 .821 .734 
-.331 -.364 .013 .024 .021 .027 
9. 657 8. 758 .258 .235 -.301 -. 258 
1.076 .987 .291 .255 
1.244 1.121 
•4. 234 -4. 704 .437 .316 .375 .422 
4. 881 4.756 .878 .808 .474 .424 
-.468 -.502 .068 .070 .070 .086 
16. 330 15.146 -, 134 -. 147 -.721 -.704 
,936 .851 .494 .461 
.949 .813 
1.017 .682 .347 .315 -.275 -.296 
2.218 2.183 .458 .418 195 -.254 
-.097 -, 129 .020 .026 .017 .018 
3. 712 3.203 .312 .317 -.525 -.478 
,490 .433 .013 -.015 
.651 .570 
• 3.456 -3. 741 .084 -.004 .229 .241 
3.346 3,242 .262 .219 .197 .167 
-.276 -,303 .041 .040 .049 .062 
1.100 10,421 .149 .141 -.371 -.364 
.419 .363 .245 .226 
.569 .483 
,085 . 200 ,053 . 386 . 335 
-.458 -.592 -.524 ,318 .353 
-.002 . 116 .087 . 130 . 107 
.222 -.037 -.090 -. 183 199 
-.055 .009 .022 .091 . 108 
-.563 —. 005 .006 .087 .096 
.494 .026 .019 -.022 -.027 
. 128 .082 . 106 .083 
.205 . 164 
. 129 .461 .316 .750 ,651 
-.639 -.291 -.251 -.051 -.018 
.027 . 123 .093 . 182 . 143 
-.353 -.053 -.095 -.719 -.747 
-.135 .058 .064 .178 . 183 
-.273 .050 .068 . 163 . 180 
.326 .025 .019 .012 .003 
. 141 .099 . 156 .124 
.297 .235 
.139 .062 -.039 .075 .021 
.145 -.446 -.403 .012 .032 
-.004 .073 .053 .074 .059 
.277 .022 -.017 -.056 -.076 
.099 .028 .036 .048 .058 
-.290 -.005 -.001 .053 .057 
.268 .020 .018 -.012 -.014 
.086 .057 .068 .052 
. Ill .087 
.258 .347 .254 .434 .355 
-.402 -.197 -.177 -. 190 -. 170 
.024 .097 .074 , 132 . 103 
-.396 -.039 -.072 -.414 -.442 
-.069 .031 .032 .088 .092 
-.135 .034 .047 . 108 . 123 
.175 .029 ,024 .026 .018 
.103 ,075 . 118 .095 





























Table 40. (continued) 
Popu- Yield Maturity Lodgi^^ Height Seed 
lation Character Pheno. Geno. Pheno. Ce no. Pheno. Geno. Pheno. Ceno. Pheno. 
AX143 - Yield 5.456 2. 882 .534 .433 . 183 .142 -.554 -1.061 .249 
within Maturity 13.813 13. 124 -.270 -.240 5.018 4. 809 1.146 
daughter Lodging .077 .049 -. 234 -.240 -.012 
pairs Height 6.446 5.659 -.018 





AX144 - Yield 3.926 1.473 1.490 1.433 .146 .124 -.707 -1.084 .390 
within Maturity 8,290 7.847 159 -.130 1.664 1.619 .650 
daughter Lodging .054 .029 -.194 -.209 .026 
pairs Height 6.082 5.062 -.272 




Height Seed size Protein Oil PS^' ^ EL^' ^ 
no. Geno. Pheno. Geno. Pheno. Geno. Pheno. Geno. Pheno. Geno. Pheno. Geno. 
54 -1,061 .249 . 173 -.236 -.178 
18 4. 809 1.146 1.070 1.038 .980 
34 -,240 -.012 .000 .000 .010 
16 5.659 -.018 -.071 .208 .204 
.633 .568 .288 .269 
.657 .569 
17 -1.084 .390 .320 , 120 . 189 
54 1.619 ,650 .596 .304 .262 
)4 
-.209 .026 .031 .020 .026 
i2 5.062 -.272 -.283 -.372 -.353 
,559 .500 .271 .243 
.448 .346 
-.050 ,186 ,090 .311 .315 
-.599 -, 186 -, 134 ,292 ,322 
.002 .055 .035 .067 .050 
-.046 -.041 -.074 -.133 -, 126 
-, 150 -.022 -.013 .038 ,051 
-.283 -,007 .007 .032 ,041 
,234 .010 .002 
-.007 -,013 
.060 ,027 .048 .032 
.115 ,080 
-, 121 . 176 ,070 .351 .307 
-.250 -, 119 -.080 . 119 . 146 
,004 .038 ,021 ,065 .044 
,030 -,005 -.026 -,318 -.319 
-,069 ,025 ,033 ,090 ,095 
-, 142 ,013 ,023 ,056 .062 
,157 -,002 -,004 -.012 -.014 
.056 .027 .051 .032 
.134 .088 
018 
612 
008 
026 
152 
310 
270 
093 
268 
007 
022 
072 
169 
193 
